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SUM1ARY

The experience of aerospace companies who are engaged In both the
military and coiuumercial aircraft business suggests that comparison of
the comercial approach to design-to-cost management of an aircraft
program with that employed by the Department of Defense will yield
many proven cost saving/cost reduction techniques and practices which
can be directly applied to military weapon system procurements, To
achieve this objective, the study is directed at determining those
aspects of commercial aircraft procurement and operational support,
which if applied to the DoD environment, will result in significant
reductions in the unit fly-away ind life cycle support costs of future
USAF aircraft,

This study assembles and analyzes existing data generated principally
on derivative military aircraft programs, The derivative military/
commiercial programs contributing to the study are the 707/E-3A AWACS,
737/T-43 Navigation Trainer, and the 747/E-4A Coirimand Post, Data is
also presented from the YC-14, B-52 and helicopter programs,

The principal findings and reconmendations of the study, which appear

to be cost-effective for Implementation by the government, are listed

below, Complete reconieridations are included in Section VI,

Immediate Benefit

Finding 1:
The application of the current airline maintenance practice for

wide-body aircraft, as Identified by MSG-2, is saving the
airlines approximately 40X in manhours over the then-current
practices, This technique for determining the essenti,al scheduled
maintenance requirements for new commercial aircraft is practical
and effective on derivative aircraft, The initial estimates on

the B-52 and E-3A programs are savings of 25% of the manhours
expended for scheduled maintenance, The practice is being incor-

porated in MIL-M-5096D, Besides the savings in manpower, aircraft

availability also increases, (Section III,F.)

Recommendation I:
Expand Te-huse of this conwercial mnintenance concept (represented
by MSG-2) to all aircraft programs, Initiate its use on Aerospace
Ground Equipment (AGE) and Transportation equipment.

"Fn'di.y airline operators have no scheduled engine maintenance, other

than replacement of life-limited parts, because of the reliability

of the engines as evidenced by operational data. On the T-43A
program where the commercial engine practices are followed due to

Its derivative status and contractor loqistics support, there will

be 76 fewer scheduled engine changes. Besides saving an estimated

7.5 million dollars in hot section inspection and overhaul costs,
many Air Force maintenance manhours and much fuel for runups and

flight test, are saved, Air:raft availability is increased.
(Section IIJ,F,)

i1



Recommuiendation 2:
Adopt this commei~ al jet eiyne niaintenance practice to ail
derivative program!s which utilize coainercial versions of jet
engines. Investigate its use on military aircraft programs where
military versions of commnercial jet engines are used in similar
types of flying, e.g., B-52, C-141, C-55A, and CIKC-135- Adopt
this practice on other jet engines where reliability has been
proven by experience data.

F ind ig 3,_:
The airlines utilize an engine derating prcieby reducing
takeoff thrust on ocCasions where conditions of temperature anrd
runway length Deii-it, (app,-roxi-m-ately 50' of the time). The pro-
cedure has been approved for the 1-43A program. Airline saving.;
have been noted in decreased fcue' 151), hot section reliability
(up 3-fold) , inflIight shutdowns (down 894-0, prteild'trE rmv
rate (down 50'.), engine mraintenance material (down 201A.1, and
engine overhaul labor (down 2Z). (Section IiI.F.)

Reconiiendation 3:-l
Adopt engine derat ing pratie on all military air-craft44 by
reducing takeoff thrust when conditions of teperature and runway
length permit-

Fidng4

The use of contraCtor support on existing fully operational
derivative programs (1C-9A and T-413A) is saving the government up
to 40%-4D.O in loq'istics costs- Contractor experience in base
custodial -!2i-1teanre contracts shows contractor i3bor is less
expensive than government labor. (Section 111.7.) T

Recoownlendation 4:
Expand the use Gf contractor support to all derivative programs
and to other c-1-base support functions such as transportation i
squadrons.- Study the doplication of- contractor support to purely
military aircraft or military aircraft with cormidierJal derivatives

Finding 5:
The implementation -Of certain pavet-oment iorolcedures increases
the cost of derivative prgrais. lrTh tefctte otso
1974, AFR 55-22, flrontractor~s Flight Operations," increased the
co0s t of5 then -cu rrent derivative programs appro,.1ia_--+Iv. S600,000.
Other requlre;-ents, whose apic:-ations increased contrcctor costs
of operation but were not quantifiable from the data analyzed, M
include AFM 1217-101, AFSCR/AFLCR 66-24, T.O. 00-25-172. anld
MIL-STD-483. (Section 111.E.

2



Recomilmendation_5:
De iet-e the -enu i ret~ent f o - a pp' ic t on wsiia
doc ume nt s f or wh ich eA s ting cont r ACtor dGC umrkrta t 3on has proven
to be adequate.

Nea r Term

Findingmi:
The conversion of lcizerciai41 data, eoui-DmTent and hardiwdre to .imih-S
ty seicaions or standards increases the cost of derivative

aircraft. The difference :Letween the cost o f imainteniance hand-
books was almost triple on the T-3 MroL!> uioment and
hardware -osts increase - ue to, low 50~iy _O-, -V fr
reliability testing and L;Ip to lb; tor special re"-:u"emnts suchI
sas finishes, special testing and veriitio ru i -emein t5s,standards and sealants. tSection iiI.F J

Recortc-endation 1
Utilie existing conm.ercia J ddta, equipent ido h~r-C-r in
off-the-shelf form. When; not available off the-shelf, use commrercial
specifications. Add military requirements only on selected unique
equipment and/or where the coimrercial data is inadenquate to
satisfy system requirements.

Finding -2
The application cif military practices on derivative programs often
dupiicates conmmercial practices which are already covering the
intent of the military requirements. Few "how-to" specifications,
such as "MIL-S-6872, Soldering Process," are required by experienced
ma.4or military contractors on aircraft programs. Others, such as
MiL-F-8785, "Flying Qualities of Piloted Airplanes," are niot
required unless there is major modification to the Lonfiguration,
or the use of the derivative is a wide den~arture from normal
con~mercial use. (Section III.C.)

Reconmendation 2:
Limit (or delete, as appropriate) the application of military
scifications on derivative aircraft programs.

Finding 3:
The use of the aircraft as a training platform is expensive.
Airlines have reduced the ground training by 25-'- the simulator

tim upto 5~and the actual flying training by O by the use of
modern audio/visual devices, new type procedure trainers and
modern simulators as well as the use of the "Specific Behavior
Objectives (SBO)" approach. (Section I~I.F.)

Recommendation_3:
Implement the SBO approach in flight training and expbnd the
current use of greater training by simulators in lieu of airborneI flight training.

3



~-FindinnQ :-

Panereork on militard aerivative programs may exceed that of
crin iciplifet Thrass by up to t times. hf pending on the
ersonnel interfacin oech program- Sectionil..

Reccnwndation 4:
Irest military aircraft prograe control in a tciativeV small

jm=er of highly skiled and experienced personnel. Nring the
=review of the Request-for-Proposal 'RFP) prior to its issue

reduce all data requirements to the 'need-to-know type. Then
reduce the data submittal volze. Match data deliver-y timing
with task compietion schedule to reduce th1e ninte-r of revisions.

Finding 5:
The overall military flight test program recuires almost 50' 2
D..- flight ige than the equivalent carcial flight test,

training and route proving program. Most of the differences
relates to functional and reliability testing. (Section. II1.1E

Reconundation 5:
Review Categories i, 11 and III flight test requirements on
derivative programs relative to existing conrcial and Federal
'Aviation Administration (FAA) test procedures. Use existing
contractor procedures or form new simplified integrated test and
evaluation procedures as required.

Long Term

A: Finding 1:
Many military specifications and standards overlap each other
and make it difficult for the designer to know that he has
*c-nlied with the recuirements, There is the added co-lication
in that specifications reference specifications that reference
other specifications. On the derivative programs reviewed, there
are 18 military specifications, standards, etc., on electro-
mgnetic interference (EM!) versus nine for the commercial
aircraft. One military standard supersedes two military specifi-
cations, yet all three are included on E-3A and E-4A pr-ograms_
(Section lIl.C.)

Recmmndation 1:
Consolidate existing military specifications, standards, regula-
tions: manuals, and special docients.

Fining 2:
Commercial customers rely heavily on past performance in the
decision of purchases. Contractors and vendors with good perform-
ance history are considered more favorably and with fewer resa~rictionsA
than those who are new to the design and manufacturer of an ai.tCraft
type, part or equipment. Specifications are written accordingly.
(Section III .D.)

- 4
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Two categories of designated representatives are used in the
P development of new aircraft:

" Designated Engineering Representative (DER) - A DER is
authorized to approve engineering information and data
within the limits of his designated field specialty whenever
he determines that the information and data comply with
the applicable regulations.

* Designated Ma.iufacturing Inspection Representative (DMIR) -

A DMIR is authorized to approve quality assurance matters
similar to the DER in engineering.

(Section III.B.)

Recommendation 5:
-.olement derivative (or possibly new militarv aircraft) prvogram

management and administrative requirements ' ,ginning with
the contractor's specifications and FARs ',-,ing the applica-
tion and flowdown of additional requirements to areas of genuine
need) and utilizing the FAA DER/DMIR type system on a military
program.

Findi 6:
Tne acquisition phase of a commercial program is much less
stringent in area of details required and customer/contracts J
communications. This allows an evaluation of the proposed system
through the concept/proposal phase to production authorization,
thereby optimizing the cost versus performance of the system. A
The rigidity of the military process does not allow much evaluation
because of the restriction on communication and the requirement
for sustaining a status-quo competitive condition. A contractor,
thinking he has a competitive advantage, might very well decide
not to include significant innovations/deviations in his proposal
because of the probability that these improvements would be
imposed on all other proposals, including those already dis-
qualified. This results in several possible disadvantages:
(1) should the leading technical proposer submit his improvements
and they, in turn, get imposed on all other contractors, the
winning contractor could be the least technically qualified and
win on cost alone, (2) should the contractor with the improvement
lose the competition, the improvement may never be realized by
the program, (3) should the winning contractor elect to propose
his improvement after winning, the cost of the improvement would
increase because of program interruptions, delays and loss of the -i

competitive environment.

6
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Pecommendation 6:
Revise the mechanics of the military acquisition process to permit
better communication/interface between the customer and the
contractor without jeopardizing the contractor's proposal. There
should also be provisions which allow a contractor to submit
improvements without losing his technical advantage.

The complete set of recommendations is contained in Section VI.
Further discussion is found in Section III. The feasibility of
implementation is discussed in Section IV. Cost impact of the above,
where data is available, is found in Section V.
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SECTION I

INTRODUCTION

The experience of aerospace companies, engaged in both the military
and commercial aircraft business, has indicated that a comparison of
military and commercial design-to-cost aircraft procurement and opera-
tional support practices may show cost reduction differences in techniques
and practices which are directly applicable to military weapon system
procurements. This is especially true of commercial derivatives for
military programs which in themselves are a major step in the direction
of adoption of commercial practice. This study, therefore, covers the
analysis and comparative evaluation of selected military and commercial
program pairs such as the 707/E-3A AWACS, 737/T-43A Navigation Irainer,
and 747/E-4A Command Post. it also reviews cost patterns, where applicable,
of the YC-14, B-52 and helicopter programs during all phases of
system life cycle. The study is limited to areas wherein comparison is
meaningful, i.e., mission equipment on the E-3A has no commercial equiva-
lent so it is not considered.

h The basic objecti'ves of the study are to:

* Identify differences between military and commercial aircraft
design-to-cost procurement and support practices.

* Evaluate significant differences relative to magnitude, cause
and impact on life cycle phases and costs and on total program

--u costs.

, Determine practicability of applying selected commercial
practices to future military aircraft program acquisition
practices to achieve cost reductions.

The technical approach for accomplishing the study is shown in flow
diagram Figure 1.

ASKI ItS I TASK IV TAKV

TtC'I4i.0Y WeAS 0001. PRACICS P2ASISIL"ISTUDY MACT STUDY PRODUCTS

'RC_

,. . _ _ " I"
IFigre L Appro c O

! AAMAGEMEN 9

OI P-
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.A 1' 5:-
11- 39
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The five main tasks are described below:

Task I: Technology Data Base

Develop a military and commercial data base required to conduct the
study and needed to identify and analyze those acquisition and support
practices used by commercial businesses which would help reduce the
costs of military aircraft programs. (See Section II.)

Task II: Analysis and Comparison of Military and Commercial Practices

Using the technology data base compiled as required by Task I, examine,
analyze, identify and compare the acquisition and support practices of
the selected military and commercial programs and relate these practices
in each program studied to the various management phases including
planning, design, development, test and evaluation, manufacturing/
production, and operations and support. (See Section III.)

Task III: Feasibility Evaluation Study

Analyze the extent of the differences identified in Task II to determine
the cause and program impact of each difference within each of the
phases detailed in that task. Using the information developed,
evaluate the feasibility and practicality of modifying present military
acquisition and support practices and procedures and of adopting exist-
ing or some modified variation of unique commercial practices to defense
procurement and operational support. (See Section IV.)

Task IV: Impact Analysis

Analyze and compare the differences in military and commercial acquisi-
tion and support practices in terms of cost, flow time and resources
required and evaluate the impact of the commercial practices identified
for application to military programs in those same terms.

A In Section V the contractor presents the cost impact of imposition of
military practice on an otherwise "all" commercial aircraft. Data
from an earlier 747 Command Post study tends to "scope" and "bound"
the inverse case of an "all" military aircraft shift to commercial
practice. This Command Post study is supported by other available
data in terms of cost, flowtime and resources.

10



Task V: Study Products

The analyses and evaluations derived from this study are used asj
basis for developing the recorfiendations (See Suummary anG Stetiw ii1
regarding the feasibility and practicality of imocifyinu, iiv Tary

A- procurement and support practices and procedtres whI--h contr-thu e-
materially to high acquisition and operation-il LostS ard/or apD~yyin-q
high payoff cominiercial practices to milizary programs to achieveI

Most of the products of this study were presented earlier neu
oral status reports.

flu



- ?TECEDIim, p;3,- EWLA111iT ?ILVED

SECTION II

TEC1nOLOGY BASE

The initial literature search for this study includes utilizing data
found in program data files, libraries,and the files of the Experience
Analysis Centers on military programs, cost studies and related informa-
tion, and on commercial programs and studies. An informal search continued
throughout the study and additional data was provided by individuals
contracted during the course of the study. The list of these data are
contained in Appendix A, Parts 1.0 and 2.0. Identification of signifi- 4
cant regulatory controls imposed on military and commercial acquisition
programs is made from reviewing the AFSC Design Handbooks, a militaly
aircraft specification (KC-135), a commercial aircraft specification
and the specification trees for the E-3A, E-4A and T-43A derivative
programs. Appendix A contains a portion of this data in Parts 3.0 and
4.0. (For example, the E-3A contract and specification includes
244 first tier government specifications, standards and similar technical
documents, not including specifications for mission equipment.)

To correlate the individual specifications, a comparative listing is
made of the military specifications and their commercial equivalents.
This list is presented in Appendix B.

Supplementing the literature search, additional information was
obtained through questionnaires and interviews. Two questionnaires
were used to pinpoint areas of concern and to determine the major
differences in these areas of concern. The first questionnaire used

-A multiple choice answers to a set of questions tailored to contractor
practices. These were sent to a number of key personnel experienced
with both military and commercial programs, including program managers,
design engineers, test engineers, materials and process engineers, cost
analysts, buyers, manufacturing planners, quality control inspectors
and logistics engineers. The Program Management questionnaire with
composite answers, shown in Figure 2, is typical. Each questionnaire
provides for additional items as well as other suggestions to acquire
information.

The compilation of the answars is shown in Table 1. (The summary of
questionnaire answers by discipline is contained in Appendix C.) Greater

Ai involvement of more people, due to, or resulting from more specifica-
tions and data requirements, is pinpointed on nearly every return as aI
major difference between military and commercial programs.

1I1: 13 :



99ESTIONNAIRE

Subject: Comparison of Military to Comtvercial Practices in new airplane procurement.

Phase: Program Management

Instruction: Place check in Rating colun which most closely matches experience.

RATING (MILITARY Tin COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

1. Degree of preliminary planning. .. ..... 9* 5 3

2. Niurber of trade studies.... .. .. .. .... 4 2
2a. Configuration. . .. .. . .. ....

-- 2b. Cost .
2c. Customer........ .. .. .. .. ........
2d. Competition. .. .... .. ..... .......
2e. Subcontractor .- ..... .4

3. No. of controls .. ...... .. ...... 10 4 3

4. Size of team .. .. . ... . ... ..... 9 5 1 2

5. Freedcm for long-range planning .. .. .... 2 i 2 13

6. Customer coordination. .. .. ... .... 9 3 2 4

7. Vendor/Assoc./Sub. involvement. .. ..... 4 7 6 1

8. Industry involvement. .. .. ............ 9 5 3

9. Directives (Comand Media) .. .. . ...... 8 6 3 1

10. Use of current state of technology .57 5

11. Upoer management review... .. .. .. ..... 7 5 3 Z
ji12. Timie required for decizion making prc-:ss 7 -A

13. Written corresoondence. .. .... .... .5 2 1

V14. Phone conversations .. ... . .. ..... 10 8 2

15. No. of file cabinets for records. .. .... 8 6 4 1
16. Establishm'ent of Progran Goals. .. ...... 3 7 6 2

17. Establishment of Design-to-Cost Goals . 4 3 8 3

A18. Marketinn involvement .. ... ... ........ 2 2 13

-19. Facilities requirements. .. .. ...... 4 7 5 24

20.

21.

22.I
1. Please submit names of other individuals to whom questionnaire should be

sent:

2. Is there a better way to acquire this information:

*Sum of all answers received. Not dcl responders answered all questions.

Figure 2. Typical i10itial Questionnaire
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TAB U_ 1 1N iT iAL OIE "_,i ifiN;A 1R[ SUMMARY

Line Entmry Ans-wers P~rc-
Comp~arison - Military to Conwercial

Questionnai res
Phase Much More More Sam Less4

Initial Planning*}_
PormMt*54 33 33 24 10

Design Entgineerinlg 44 33 34 30 3

Manufacturing 17 17 49 28 6

Testing 11 30 49 18 3
Operations and Support 11 24 39 i. Z

TOTAL 143 31 36 26 6I

_N ~*Includes Program Mtanagement, Contract Administration, Finance and Preliminary

Design

Based on analyses of the answers to-he initial questionnaire. a second
questionnaire, which focused on the identified areas of Concern, was
sent to selected personnel includino many managers at all levels. Where
any of the answers indicated, an interview followed. IntLerviews were
also conducted with personnel at other contractor locations by telephone.
The answer-s and interview inforniation are included in this report. CopiesC
of thA second questionnaire are included as Appendix 0. Each set of

A que s has two parts - one part which is general in nature and applies
to at phases and a second part which relates specifilly to the disc,.-

-pline of the addressee. A set of the second questionnaires was forwarded
to the Air Force Study Manager for Air For-ce use.
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One requiretrent of this task, of establish ing a technolo'y base is the

investieqatioi of the func-.ons within each major progr-am phase. Analysis
of both military and co%-rercial typical oroqrai Phases indicates that atIthe level of the major phases, sho-;n in Figure 3, it is possible --o
make a comoparison because the major phases are similar. Trh e m,.iIi t a ry
phases shown are those presented and desc-ribed -.n AFSCP 800-3. The
typical coi:ei'cial progra-m phase activities are described as folloirs:

DESIGN TO COTMAINAGE TO COST

C O!CEPTUAL

M PROGRAM
M IDEFINNTOv
E I COST OEFI%?'1T!0.*
RZF AN~D CO.1.IThWENT
C

1 PROGRAV
A GO-AHEAD PRODUCTION......

PRORA DELIVEDY --
UL-SCALE GO-AIIEAO

M DEELCPMIENT

IACQUISMTON - PRODUCTiN
L GO-AHEAD OVSjGI

GOAI4 A B .RICATE FAP.R!CATEI TEST
T IILOGISTICS
A IfPROTOTYPE DEVELOrMENT

PROPOSAL -

CON~CEPTUAL ~ VLTEIONLHRWR OACDCSO

figure 3. Phases of a Typical Program

1. Conceptual Phase: For analysis of the market, definition of the
market segine nt to be covered, definition of candidate design concepts,
verification of technical program feasibility, establishment of

potential profitability, investment requirements and limitations,
airline contacts and definiition of the type of program participation.
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2. Program Definition Phase: For market research and analysis of
requirements, establhient of airplane performance objectives to
imeet market requirements, establishment of airplane configuration,
analysis and documentation of technology, establishment of nominal
performance and guarantee objectives, documentation of configuration
(Design Data Document), establishment of program planning and
management principles, establishment of work allocation principles
and finn work allocation plan, establishment of programming for
baseline program, establishment of initial work package definitions
and preliminary cost estimates and allocations, establishment of
profit and pricing objectives, establishment of business and
financial risks, identification of resources required and preliminary

cash-flow analysis and identification of key management and related
assignment plan.

3. Cost Definition and Conitment Phase: For firm configuration defini-
tion, complete tehnical validation, customer specification develop-
ment, establishment of definitive implementation plans and internal
commitments signed by key managers with production phase responsi-
bility, completion oe firm commitment agreements on major vendor
items, establishme,' o - price and other basic sales terms and con-
ditions, verification of resources required including capital assets,
verifications of program cost and cash-flow and profitability risks,
submittal of sales offers, negotiation of firm sales contracts,

_ ,.establishment of the production plans, and obtaining corporate
approval for program go-ahead.

4. Production Phase: For marketing and sales, cost and price verifica-
tion, airplane detail design and development, design verification
testing and airplane certification, manufacturing and assembly,
production deliveries, and post-delivery customer support.

The timing of the elements prior to "Program Go-Ahead" depends upon the
individual program and can vary considerably although the calendar time
from program go-ahead to roll-out of the first aircraft is essentially

the same on both military and commer-ial prograins according to available
data. The commercial programs place the preliminary design activity
closer to the "go-ahead" date, since once this effort is complete and
detail design begins, littlp of the management leverage of design-to-

I cost effort is left; i.e., the basic design (fixed wing versus swing
wing, three engines versus four engines, pressure vessel, etc.) is fixed
with only the details of sub-system components left. The military over-
comes some of the disadvantage cf an early RFP (less opportunity for

-,1 continued iterative design review and improvement and dialogue between

buyer and seller) by use of the prototype fly-off concept.

AU
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SECTION I- 

PROGRAM PRAC ICES

Task II of the study utilizes data from Task I to identify significant

differences betweeni military and commercial procurement enironiefi ts and
acquisition and support practices in tne various phases of initial
planning, program management, design engineering, manufacturing, test-
ing, and operations and support. These are discussed in the following
paragraphs. This report does not discuss the many excellent practices
of military programs or the commercial practices which do not appear to
be advantageous or applicable to military programs.

=.-JA

A. INITIAL PLANNING _

Initial Planning is defined as that activity in the acquisition of a
program which precedes the decision to begin p -Oruct n of the end
product and its support systems. The conceptual and validation phases
are the phases of a typical military program which are covered by this
activity. Comparisons of military and commercial programs include
identifying differences in the initial planning approach/philosophy,
sequence of events, marketability, and customer requirements such as
objective and need. A majority of the responses to the initial question-
naire shows that significant differences between military programs and
commercial programs are in the areas of preliminary planning, controls,
people, customer coordination, directives, decision cycle, commnunica-
tions, facilities, documentation, specifications, meetings, visits, and
preliminary design. There is little difference in the freedom for long A
range planning, market investigation, wind tunnel use, computer use,
completeness of design and internal coordination.

1. Customer Philosophy/Objectives

In comparing the acquisition and operational use of military and com-
mercial aircraft systems, certain basic differences in philosophy are
apparent. Military weapon systems tend to have a more complex set of
requirements to fit a new or specialized mission, with emphasis placed
on performance, operational and maintenance effectiveness, and initial
investment cost. (Lowest initial investment appeared to be the major
determinant for the selection of the contractor in those programs
analyzed in this study.) Commercial aircraft design tends to progress
by evolution with heavy reliance on past experience. The normal require-
ment is to perform an existing mission more economically. Commercial
operators tend to be more willing to consider trading performance for
improved reliability, lower operating cost and decreased development
risk. (Competitive pressure may also result in greater performance.)
Military systems are procured for contingency use and normally intro-
duced into a peacetime environment. This generally results in a longer

-I: test program and a lower initial fleet introduction rate than is normal
for airline application. As a rule, commercial operators are interested
in the delivery of their aircraft, particularly the first ones, at the
earliest possible date to maintain a competitive edge and improve the
profitability of their operations. This results in high initial pro-
duction rates (to support all customers), expedited test programs, and
rapid accumulation of flight tihe, field experience, and performance
data.
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Figure 4 illustrates the product design philosophy used on commercial
progra ms to optimize the economic value of the product. The cross-
hatched band on this chart indicates the estimated range of potential
value to tLh-e custo:;'er of the various design criteria of the product.
There are tw.o imporcant points in this curve; first, that the market value
of a product or a feature of a product is not a finite quantity; it can
only be estimated within a range. Secondly, that as the design is improved
on a particular characteristic of a product, there is a tendency for each
increment of improvei.ent to have diminishing additional value to the
custowmer. In the crosshatched band is shown the range of probable cost
to th r.-anufact.rer of producing a product that meets the specified
performance characteristics. Again, there is not a finite estimate, but
rather a range. Further, it is important to recognize that as the
performance parameters are pushed to higher and higher levels, the cost
begins to rise quite dramatically. The overlap area of the cost range
and the ,:arkct value range is viewed as a design window into which the
product must be fitted. Through the center of this design window is drawn
what conceptually might be called the practical limit of the conercial
state of the art. Beyond that point, it is apparent that the cost of
the product has a high probability of exceeding the market value. Most
commercial programs will be somewhat less than the limit (Area 1). In
cont-ast, most military programs are in the right-hand area of the
design window (Area 2). However, the new Air Force procurement emphasis

RANGE OF
PROBABLE
COST

COST OR VALUE CAN EPER UNT IPOTENTIAL
PER UXIT MARKET VALUE

-STpE R AFOREIAr-C E

i Conincrcial-more con.-rv tivc

Figure 4. Product Design Philosopny
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is attainment of satisfactory mission performance for the lowest life

cycle cost expenditure, as discussed in paragraph 2. One of the major
applications of the design-to-cost practice would be to determine how
much closer the military programs can realistically move toward the

conmercial state of the art in order to achieve the cost levels and the
cost confidence that are desired to be achieved, still maintaining
defense posture.

The nature of a commercial customer is one of a profitmakins busi.ess.
Of necessity, success motivation is high since company success 3nd
career opportunities are directly related to profitable procure-ent
decisions. Accordingly, the authority to co:znit to expenditures and
procure commercial airplanes or changes to the basic design, is tightly
controlled within the customier's organization. If the pilots of a
particular airline want the cockpit redesigned to their preferences,
there must have been justification based on cost and the benefit in
real business terms (safety, efficiency of operation, etc.). If the
maintenance people want interchangeability of al' nacelles, there, also,
a justification must be established based on cost savings in the future.
Each cost added must be justifiea in terms of return on investment (ROI).

Figure 5 illustrates the economic investment, recovery and profit for a
major commercial aircraft program. On a coimercial proram the focus
of manageent decisions is on the total program and its ultimate return

Z XDECISION
TO SELL

/ LL
DOLLAR THIRD<-i FLOW VAR" A?-d'

DECISION DECISION "-PREDICTED MARKET UMIT

TO SELL SEDFI RSTSECOND
VARIANT

VARIANT A

0 M1 mant decisiom are bawd on rsrtn on imtis'at

• ", ch for otrimum dwn/cost continucs

Figure 5. Program - Investment, Recovery, "rofit
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(in Investment rdther thin on one procurement phase or fiscal period at
a timie, Also, the search for a more optimum design and lower cost
continues throughout the program, This effort may be considered as a
"re-investment" since additional funding is normally required. The
military parallel for re-investment is believed to lie in the engineer-
ing change proposal (ECP) effort of the military customer and the
contractor to achieve the optimum design and the optimum cost of the
total program, This effort may be limited to the immediate fiscal
period. Thus, what commercial managers consider "re-investment" in
the total program sense might be considered as a "cost overrun" by
some reviewers of a military program.

2. Design-To-Cost Approach

In the past, the typical military request for proposal for an end item
specified minimum performance requirements and specific schedule re-
quirements. A proposal which did not meet the performance or the schedule
requirements was generally Judged not responsive and therefore out of the
competition. The cost varied, depending on the design approach to fulfill
the stated requirements. Normally the lowest cost bid won, irrespective
of the design approach submitted.

Current military directives state that cost must be included in program
trade-offs. The design-to-cost approach states that with respect to
overall program goals, cost will be an equal factor with performance
and schedule in selection of a final design. (Figure 6.)

PAST TYPICAL APPROACH DESIGN TO COST APPROACH

COST INPUT

CO4T COST --

'10 PERFORMANCE 00
- AND 00 -

ISCHEDULE

"'5,..00I INPUT

PERFORMANCE AND SCHEDULE PERFORMANCE AND SCHEDULE

* RIGID PERFORMIANCE REO')IREMFNTS * COST AN EOUAL DECISION FACTOR

0 RIGID SCHEDULE REQUIREMENTS 0 PERFORMANCE - SUOJECT TO COST TRADES

* COST APPLIED AS THE VARIABLE 0 SCHEDULE - SUBJECT TO COST TRADES

Figure 6. Program Approach
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Because of the nature of the commercial industry and the direct connection
between profit and loss, cost has always been a trade item in the planning,
design, manufacture and operation of the end item. Thus, the objectives
are much clearer, perhaps due to the practice of reducing most decisions
to cost (or some function of cost) and profit to the manufacturer and
the operator. For both of these areas, well established yardsticks are| available. -

Much of the emphasis on design-to-cost is placed on the design of the
product, including its operational and maintenance requirements. However,
there are many other program elements that are equally critical, i.e.,
manufacturing plan, resources (people, facilities, financing), organiza-
tion structure, management plan, make/buy plan, procurement plan,
program schedule, sales/marketing plan and product field support plan.

The important item in program cost is to recognize the fact that the
greater potential for cost avoidance is at the beginning of a program
prior to design release (Figure 7). The importance of timely use

THE MAJOR ELEMENTS OF PROGRAM COST HAVE BEEN

PRE.DETERMINED BY THIS POINT IN TIME AND WILL IE
SCOTEXPERIENCED DOWNSTREAM OVER TIME

AVOIDANCE
POTENTIAL

! I

DE~tH PRODUC TION p*

DEFINITION DESIGN EASE PRODUCTION

NI * THE GREATEST POTENTIAL FOR COST AVOIDANCE EXISTS DURING CONTRACT
II DEFINITION AND DESIGN WHEN CHANGES HAVE NO PHYSICAL IMPACT

THE TRUE ESSENCE OF DESIGN TO A COST IS THE IhOROUGH DISCIPLINED
MANAGEMENT OF A PROGRAM IN THE CONCEPT OtFIN:TION AND DFSION PHASES

Figure 7. Design-To-Cost
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of available management and design tools during the program development
process is emphasized in Figure 8. This figure identifies two phases
in a program life; one which might be referred to as the "design-to-
cost" phase on the left, overlapping somewhat with a phase which might
be called "manage to cost objective." The solid line represents the
percentage of costs that remain uncommitted or undetermined at each
stage of program. By the end of preliminary design, for exEiple,
decisions have been made which commit approximately 70% of the ultimate
unit cost and only 30% of the cost is available for management leverage.
Cost leverage is the ability to further reduce the cost. By the time
the program is into production and is approaching delivery, the manu-
facturer has an influence of perhaps 10% on the ultimate acquisition
cost of the program. This is trut, even though only 30%-35% of the
funds will actually be expended by that point as shown in the dotted
line.

DESIGN TO COST MANA:E 'O C )ST
: i¢;' MARKET I

'")1EN'TIFICA rlON 1
IIDE I I

DEVELOPUENT

100 PRELIMINARY I

80 j OFFER FO. SALE/

° 80 - DESkICN lFRODUCTION
=| OF BASIC MMP.ANE

, PROGRAM INITIAL 0
:- :, WAHEAD DELIVERY"

60

40 -

20

!: . ... ... ................... .
0
- REMAINING MANAGEMENT LEVERAGE ...... CUM. PROGRAM COSTS

II

Figure 8. Phases of a Typical Commercial Program
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3. Program Acquisition Practices

A review of the different practices used in thc acquisition of military
and commercial products indicates that similar steps are taken on both
programs. The structure of the commercial program and the contractor/
customer interface, however, is much less detailed and rigid than that
of the military. The contractor is continuously in contact with the
commercial customer during each step to determine his needs and desires,
thus obtaining the visibility needed for refining and improving overall
product performance. A direct comparison of customer actions in the
different approaches used in each type of program during acquisition are
presented in Table 2.

TABLE 2. PROGRAM ACQUISITION

MILITARY COMMERCIAL

* determines and internally s determines requirement or is
coordinates the requirement presented proposal

* solicits proposal * interacts with contractors to
* selects contractor improve it
0 selects contractor

* internal evaluation with little 9 relatively continuous interface
or no knowledge by contractor from concept to go-ahead

* multiple bids solicited or proof e selects contractor based on part
of necessity of sole source reputation, product, cost, and/or

timely availability of the product

0 can always challenge cost . no challenge available if product
through higher court meets requirements

* specs say what, how and require * specs say what but require little
much data data

* little if any warranty (at least # significant warranty
in past procurements)

* long term funding very vulnerable * long term funding available depend-
depending on social-political- ing on market and management skill
economical environment

a current or past performance can e contractor past performance on meet-
have relatively little impact on ing guarantees and in product support
follow-on business depending on has major impact of future business
product

o decision based on cost 9 decision based on cost and best
exceeding ROI as determined by best perform-

operformance or schedule ecdig ance, schedule and lowest O&S costs
RFP requirement of little value
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The military customer normally makes his decision on the proposed cost,I based on proposal perfor'iance and scied ule. Often the RFP response
must be made within an extremely short time. It is here, to a major

IfF extent, where life-cycle costs are determined since preliminary design
must be fairly complete if the contractor is to have a credible proposal.
The commercial customer and the contractor continue to iterate the design
until a contract is signed. The military customer selection process
may take longer and require the contractor to remain in a holding
position without opportunity to improve his design offering. On the
other hand, the commercial contractor continues to improve his design
or increase his confidence with the customer, thus improving his bargain-

q1 ing position. The contractor normally works with the military customer
from the time the need for a military product is identified, through
the conceptual phase, and into the validation phase up to the time of
writing the RFP. The writing and review of the RFP is accomplished
without formal contractor assistance, yet many detailed features of the
design, schedule, and program administration (and correspondingly, cost)
are determined by the RFP. Hence the contractor may have to respond to
some less-than necessary "requirements."

Some government agencies are now advertising for RFP review prior to its
release. This will enhance the environment for "tailoring" of require-
ments and specifications to the specific program, and, perhaps
eventually, tailored to take advantage of a specific contractor's unique
expertise.

An example of the difference between commercial and military RFPs and
responses is shown in Table 3. The contractor received an RFP in typical

-n TABLE 3. PROPOSAL EFFORT - CAM

(Preliminary design study sub-contract)

Initial (typically commercial) - 3 page-RFP
44 page-proposalA'l

Final (redirected by gov't) - 600 page-RFP
446 page-proposal

Increased cost of proposal effort - $80,000

Increased study cost for
spec compliance - 28.5%

I
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commercial format (three pages) irom the prime contractor of a government
program to perform a preliminary design study utilizing a commercial
aircraft. The RFP was subsequently reissued in accordance with prime
contract requirements because the cost exceeded the procurement threshold.
The estimated increased cost due to specification compliance was 28.5%
on a four million dollar contract in the example shown.

The major problem in the validation and source selection phase facing
the military and the contractor is to improve the visibility of the most
important matters and reduce data volume and resource application on
those items which are well understood. Without this tailoring the data
packages which are prepared to support a military procurement tend to be
large. (Note the example above.) Since the commercial customer is only
the user and has the FAA to participate relative to airworthiness, his
requirements for data are few. But the FAA also has fewer data require-
ments. (The small quantity of customer data is offset somewhat by the
many commercial customers.) The military customer requires data to
provide visibility that each phase of every element has been met to his
satisfaction. Cost avoidance will occur if fewer data requirements are
appended, especially to relatively low risk, proven items; e.g.,

9 to request data readouts on the KC-135 inflight refueling boom
when it was installed on the 747 and operated by Air Force
boom operators

* to demonstrate the T-43 could be recovered and prepared for
takeoff at home base in a maximum of 45 minutes elapsed time
when the 737 had been doing better than that for over five years

* to verify the flying qualities of derivative aircraft

to require reliability analytical verification data on the
purchase of off-the-shell equipment which has been in commercial
use for a number of years, and

to require material accountability on equipment in satisfactory
performance on commercial aircraft programs.

One of the basic objectives of the government for the Validation Phase
is attainment of an accurate prediction of production costs and a
commitment by the competing contractors. As a practical matter, this
objective is somewhat difficult to achieve at an early stage. Because
of the emphasis on price competition and government contracting rules
(he must submit and commit to plans or be non-responsive), much of the
data, planning and performance commitment may not include adequate
consideration of unknown technical problems.

When technical problems do arise, as the program proceeds, it becomes
necessary to modify the original planning. It is important that an
environment be sustained wherein programs are able to flexibly adapt
programming to resolve emerging problems.
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B. PROGRAM MANAGEMENT

Program management, in this study, encompasses the functions involved
in the management operation of an organization. It includes decision-
making, planning, scheduling, cost control, reporting and selection and
use of resources and affects all organizations in all other phases of
a program. This task identifies the differences in the program manage-
ment process applied to past military and commercial programs, considering
such items as defined goals, iterative planning, decision-making processes,
cost control, and size and continuity of the management team.

Analyses of the answers to the initial questionnaire indicate th .. he
basic difference between military and commercial programs is the
involvement of more people when interfacing with the military customer.
This results mainly from larger numbers of specifications, standards
and regulations and the detailed documentation and coordination result-
ing therefrom.

1. Management Procedures

Identification of some fundamental management differe . between
development of a commercial product and a military pr. ict is presented

in the following paragraphs. These differences also explain how
comparable functions are performed on contractor commercial programs
and when the techniques of DoD management procedures are applied.

A relatively "structured" system engineering discipline is used on
military programs to determine equipment and other requirements based
upon necessary functions to be performed by the system. This discipline
is especially applicable when system functions are new and their
technical solutions are either complex or have significant technical
risks.

With commercial aircraft programs, however, a different approach is
followed. Aircraft have a substantial heritage of proven solutions to
many varying requirements. Essentially, all aircraft have a common
series of "functions" performed inflight. The major task facing an
aircraft designer is to apply the latest proven technical developments
to improve the performance of each of those functions. Example: The
use of functionally oriented logic to discover that the aircraft needs
a wing is, of co,,rse, not necessary. The major task facing the aircraft
designer is how to improve the wing efficiency. Even such requirements
as wing area, wing loads and control surface areas are fairly exacting
decisions, each determined analytically after weighing reasonable
al ternati ves.
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This difference can also be viewed in another manner. The commercial
customer is not separately funding research and development (R&D) but,
instead, is buying an assembly line product with specific performance
guarantees. Consequently, these significant differences emerge:

(i) In the procurement and funding of R&D,,the government tends
to retain review and approval authority on technical decisions,
design approaches and the justification of selected solutions
from alternatives. To exercise this authority, extensive
documentation of supporting data is required. Time is required
for bringing each receiver of data to a knowledgeable decision
level. Extensive data is often required to satisfy the needs
of government agencies.

(2) In the commercial market place, the contractor deals with a
relatively few engineering representatives of each customer,
whose concerns are similar but not as detailed as in the
military practice. The commercial concern for achievement
of specified performance is expressed through contract
provisions for warranty. (Warranty for military programs is
being studied but no contractor position has yet been
established.) Under these conditions, the manufacturer is
able to decrease the paperwork involved in the justirication
and recording process and to rely more upon proven judgment
of the persons to whom program responsibility is antrusted.
Furthermore, the FAA (which has interests similar to those of
the Air Force) delegates much of its airplane certification
review authority to the contractor. This step expedites actions
and minimizes assigned government personnel and documented
justifications.

The practice, used by the FAA to decrease the decision cycle time as
well as reduce data flow, utilizes contractor employees as Designated
Engineering Representatives (DER) and Designated Manufacturing Inspec-
tion Representatives (DMIR). A contractor employee, skilled in specific
disciplines (in engineering, this would be hydraulics, electrical,
avionics, structures, etc.) is designated as a representative for the
FAA. He is authorized to certify that certain specific designs and
tests comply with Federal Air Regulations and submitted test plans.
The FAA engineers retain jurisdiction to concur with his decisions and
also to determine what other designs and tests can be dccomplished
analytically or operationally. To limit the number of operational
tests, the commercial contractor utilizes the DER's knowledge to assure
that the original design and design changes c-.,ply .ith tne FAR criteria
and thus be assured that FAA will certify the product. If, in the
performance of this duty, there is disagreement between his decision and
that of the company management, the matter is referred to the FAA for
final decision. The same is true with DMIRs and the Quality Assurance
Department. The DER/DMIR practice works well commercially. This practice
and its implications should be studied for implementation feasibility on a
new Air Force program.
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The data submitted by the DER to the FAA are usually one page reports
as are other data submitted to the FAA to present plans, analyses, and
administrative data. Simplicity is the key. Conversely, in military
practice, the form complexity and amount of documentation required is
greater.

Several questionnaire responses indicate data and documentation rpquire-
ments in excess of what is needed may cause a problem, especially if

the program element providing the data has 
not stabilized and the data

is requested too soon.

I The contractor has solved the data problem to a great degree with its
suppliers on commercial programs by use of a Supplier Data Requirements =

List (SDRL) (Figure 9). This is a one page matrix of data requirements
patterned after the military CDRL and is included with each order to

the supplier. The persons needing data complete the appropriate blanks
prior to the order being placed. The supplier, by referring to the

A basic purchase agreements, then knows what and how much data is needed
when and prices it accordingly. A similar form is currently being
applied to derivative programs for the non-commercial equipment required
from suppliers.

2. Cost Control and Management

DoD Instruction 7000.2, Cost/Schedules Control System Criteria, is a
subject of much discussion. Although finance managers generally accept
the principles of this document for cost control, across-the-board
application of this instruction can result in additional data which
requires more people. Questionnaire data indicated that cost estimators
on military or military derivative programs must be increased threefold
over similar commercial programs to perform the added work load. I
Although the computer helps offset some of the added costs, additional
manpower is required because the application of the DoDi requires a level
of detail below that on which the original cost data is based. A ripple
effect throughout the program is then felt. This DoDI also sometimes
causes monitoring of individual parts or non-deliverable sub-systems;
for example, the hydraulic sub-system on one derivative program.

Participating finance managers indicated other areas of cost that can
result from military programs.

a. Accounting Systems - Accounting systems have to be designed to
accom.odate billing and cost collection systems associated with
cost type contracts for the military. In general, these systems

require more detail in the data than would be required for
similar comimercial programs.
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d. Overhead - The overhead settlement is required for each year

for all cost type contracts and is done by evaluating the
contractor's overhead costs for past years. It requires a

W continuing effort to validate costs that may have been
incurred in previous years.

e. Functional Audits - Audits are performed to determine the
contractor's adherence to the latest interpretation of the
accounting and proc-er'ent practices. Support of these audits
requires added effort.

Negot iation of Frices It is sometimes difficult to forecast
accurately all costs that will be incurred, particulary in
high technology contracts. It is sometimes difficult in
negotiations to reach agreement on resource allocation for
unknowns.

g. Disclosure Statements - All contractors that have TiIitary
business above a certain doiler amount are required to have on
file a Disclosure Statement which definec Lne cost collection
systems to be used. Since the systpes require governmental
approval, any changes, for whatcver reasons, are subject to
review by the government thus requiring added effort.

These areas are recognized ds part of the cost of doing business with
the government. The Mdjor contractors accept them. (The small
contractors/businesses are refusing to accept government business
because of thiem.) As an example of d., above, the last contract for
the KC-'.5 aircraft is not yet closed although the last delivery was

i:over ten years ago.

3. Configuration Control

Configuration management techniques, as identified in the standards,
are generally applicable to both coirmercial and military aircraft
programs. Configuration identification and control techniques have
largely evolved from less formal techniques in general use for years.
While the contractor coni.ercial activities do not specify the MIL-Su.
per se, the configuration controls provide essentially the same cap-
bility. Figure 10 shows the cormonality. The comrercial progra-s are
not as extensively docur.mented as the government requires. When tailor-
ing is not done carefully on a military derivative program prior to
contract signing, the government and the contractor expend additional
coordination effort on proposed waivers and deviations when requiremrents

-I- are not compatible.

i
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BOEING (747) U. S. GOV'T

BOEING INTERNAL DCJMEM193 CSTOMRS |MILITARY STANDARDS
93 CUSTOMERS
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COMMON ELEMENTS

TOP ASS*Y DWG
SPECIFICATIONS
ACCEPTANCE TESTS
CHANGE CONTROL

* UNILATERAL
0 CUST. APPROVED
0 RETROFIT

IDENTIFICATION
NUMBERS

DESIGN REVIEWS

LDATA & REPORTS

Figure 10. Configuration Management and Control Concept

4. Customer/Contractor Interface

The task of handling the relatively large number of commercial customers
is quite complex.

During the time period of pre-delivery after sales, the following major
segments of the commercial company are coordinating inputs and replys
from the customer.

1. Sales

2. Contract Administration

3. Engineering

4. Manufacturing

5. Customer Supportp Each one of these major groups is broken down into smaller operating
groups that handle particular facets of any specific requirement.

33
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aI
Currently the commercial company is simultaneously handling the individual

inputs froli over 100 airline customers, operating a fleet of over 2,000

aircraft made up of four basic models.

While delivery of the aircraft reduces the involvement of some depart-
ments within a group and increases others, each customer still has
access to and requires support from each of the groups.

Though the same channels of communication remain open after delivery,
another communication line is introduced. Unlike the military which is
a single operator under a single command, each airline is a unique

R operational entity and as such will have its own individual problems.
The commercial program has more than 70 bases around the world all
feeding problems into the home base. These issues are handled within
the company and then corrective action is fed back to the cust6mer.
The commercial customer support organization supports these 70 plus
field bases and more than 100 customers with a vast communications
network. A description of the assistance provided to the commercial
custcmer is presented at the end of Section III-F.

C. DESIGN ENGINEERING

Design Engineering includes those activities of design and product
assurance accomplished during the detail design of an aircraft. The
study task effort identifies major differences in military and conmmercial
acquisition practices as they relate to design engineering. Considera-
tion is given to sensitivity of performance versus cost, design reviews
and trade-offs, standardization (form and fit), number of drawings,
detail of specifications, subcontracting and warranty policies, low
cost configurations, and procedures for design changes.

Over two thirds of the responses to the initial questionnaire indicate
significant differences in the design engineering phase of military
aircraft programs due to more specifications and documents, longer
decision cycles, more formal desigo reviews, more people, greater
coordination, more trade studies, more meetings, more trips, and more
writing time. The responses also shoe little difference in the number
and quality of drawings, mockups, new vendor items, liaison changes,
computer use, design time, new innovations (as distinct from higher
technology), research, and experience data.

1. Design Practices

The amount of design effort performed on either military or commercial
aircraft programs is essentially the same for equivalent requirements.
Figure 11 shows how the relative engineering manhours per part has
increased over the years on military and commercial aircraft, primarily,
because of increased product sophistication and improved capability.
The difference between the two is probably caused by the military customer's
practice of operating in the regime of advancing the state of the art
(higher risk areas) and to increased data requirements. While the actual
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data on which this is based is proprietary, ei.ht different jet r-Z
programs over a span of 25 years are included .==iates run as =J;

travel and telephone' segrnt of engineeinu io. The addti....2
effort does not significantly improve the erfnn-c or t eproducts in the opinion of most persons intervieed.

F1 - INCREASES CAUSED BY:

SI-- * INCREASED PRODUCT
- #SOPHISTICATION

S• *IMPROVED CAPABILITY

MAN HOUR '
' DIFFERENCES CAUSED BY:

RELATIVITY HIGHER STATE-OF-ART
.",* DATA REQUIREMENTS

FIRST FLIGHT ERA

Figure 1. Engineering Labor Per Aircraft f'arc

Basic differences between military programs and crrcial Droran are
in design criteria. Government criteria tend to be "input" and conto
oriented by military specifications and standards, while the cw rciai
criteria are "output" and "test" oriented by Federal Air Re tula r
(FARs). The military approach is to specify rerfc - ance for an air az.
and then include "how to- rejuiremrents to build the aircraft t--
that performance. The cosvcrcial approach is to specify the pe.form.nc
and allow the contractor to determine the design which gets that
ance. This approach permits rmuch mre flexibility in the desi c a. n
the control of engineering effort. Figures 12 arc 43 show this flexi
bility for electronic equipment design. The main difference is that
military requirements are aimed for their worst known case and =1.tiple
use while the contractor coenercial requirements are aimed at .=r
over anticipated use and take advantage of other data based on l-catim
of equipment. ARINC is more basic and to som- exter-. wray not r~sider
3ther factors such as argin over average exoerience. exact lccati-.
vibration, dust, corrosion and E. Suitable co-nsra-ints are appied by
the FARs and subsequent testing. The co rciai custo-er's rel a7
upon a performance warrant, appears to be vch- reate- than ',
government's.
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Military specifications often reference military specifications which
reference still other military specifications, until it is difficult
(and time consuming) to arrive at a position where a designer is confident
that he has met the requirement. There are times where the requirements
are too stringent for the applicatio, and it is costly to either meet
the specification or get a deviation. (At the present time the normal
practice is to expect the contractor to request a devi, tion of all, or
a part, of any specification included in the statement of work (SOW) or
contract. This is time consuming and expensive not only to the con-

c tractor but also to the government. The SPO has to review each proposing
a contractor's list of deviation requests to reconcile the proposal so

that an equivalent SOW is presented on a common basis to each competing
contractor. The government could save money by including in the SOW or
contract only that portion or paragraph, by number, of each specifica-

tion for which compliance is required.)

WEM, To further illustrate the differences in government/comniercial procure-
Mments, the following compressed sequential description of the contractor

design process on a commercial program should be helpful. In arriving at
a particular commercial aircraft product configuration, the Lontractor
employs mathematical models representing the commercial market and the

operational characteristics of individual airlines. These models are
configured in a manner to allow optimization of the product (aircraft)
with respect to the economic considerations of the airlines. Accord-
ingly, the contractor applies a high degree of cost effectiveness
analyses in the early stages of the commercial aircraft system engineer-

ing, and conducts extensive trade studies to arrive at the appropriate
technical solutions to meet the individual mission requirements of each
airline. ,-rom these analyses and trade-offs, model specifications a.d
performance requirements for basic missions are developed. The Federal ,
Aviation Agency has published and maintains a rather extensive compila-

tion of regulations with which commercial aircrafts must comDly in order
to receive certification. (These are listed in Appendices A and B.)
These regulations substitute for the need to identify functions as is
necessary in military standards on system enginecring management. An
internal Design Requirement and Objectives Document and a Design
Decision Document are prepared for each basic commercial aircraft to
reflect the design objectives for the aircraft and its sub-systems,
compatible with the model specification.

These documents, although non-contractual, integrate the contractor's
experience and thus serve the same function as military specifications
and standards to a large extent. They are the contractor's internal
plan to assure a design that meets warranty commitment. The commercial
procedure then produces a configuration description, performance typ-
specifications, test procedures for significant sub-systems, and outside
procured components of the aircraft. Finally, a full complement of

drawings and service manuals is prepared. Much of the training of the
air crew, maintenance, ground servicing and engineering Personnel is
performed by the customer,. Minimum data is required from the contractor

4 Design reviews are conducted in a manner similar to the procedures
described in the military -tandards, but normally are not participated in
by the customers.
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A study of the differences in design criteria as applied to an existing
commercial aircraft was made several years ago. This study investigated
the changes that would have to be made if the 747 had to qualify to
military design criteria. The impact is significant to the non-recurring
cost, depending upon the cost consciousness of the person who adjudicates

r the military specification application process and the degree of tailor-
ing accomplished. The relative costs are shown in Section IV. This
study is contained in Appendix E.

There are other problems encountered with military specifications on
derivative programs. For example, 707/727/737 aircraft do not meet all
the requirements of MIL-F-8785, Flying Qualities of Piloted Airplanes,
despite demonstrated and FAA approved capabilities. The differences are
diTsussed in paragraph F. TESTING. There are also cases where the
commercial industry feels that military requirements are too loose;
e.g., ARINC 413 follows MIL-STD-704, Electric Power, Aircraft,
Characteristics and Utilization of, but specifically states not to
follow -704A because it contains less rigid requirements.

On one derivative program, existing commercial parts are used when they

are applicable. Otherwise, new parts must conform to the applicable
military specifications, standards and regulations of the contract.
The electrical load control unit used on a commercial aircraft lacked a
required feature. Therefore, a modified part was required for ao ,.. derivative program. This meant that a new procurement specification

had to be written, whereas only a few paragraphs could have been changed
to make the existing commercial specification meet the requirement.
The difference is shown in Figure 14.

SEFC ONAEMILITARY COMMERCIAL I
- i iSPECI F ICAT ION PAG ES 119 26

APPLICABLE DOCUMENTS 97 8

DATA ITEM REQUIRED 48 15

COST $1,500 $950

Figure 14. Design Requirements
Similar Item/Same Vendor
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The specification and design change problem is always attendant. Changes
due to engineering errors, generally caused by the increased sophistica-
tion of every new product, military or commercial, and by the tight
schedules, are to be found on both types of programs. Other changes,
mostly found on the military programs, are in mission and mission sub-
systems refinement and improvement. The speed with which deficiencies
are normally corrected vary widely. One program staff engineer (an ex-
Air Force SPO director) explained it this way, "Commercial aircraft are
always at 'war' so they get fixed to perform their mission while military
aircraft (in peacetime) get derated, schedules get slid, etc., until an
emergency comes along. For instance, a commercial aircraft with a
landing gear problem would have been fixed very early in the program if
that commercial aircraft program were to be financially successful."

Figure 15 shows the time comparison and the gates through which an
engineering change must pass. The time required to implement a routine
engineering change is fairly constant within the contractor's organization.

rA The additional time, which elapses before approval is received, is
basically determined by the customer. In commercial practice, proposal

HAi prices and schedules are good normally for only 30 days from the date of
the letter. This short decision cycle works well. The best planning time
for USAF approval of an Engineering Change Proposal (ECP) includes 45 days
for decision from the day the SPO receives the proposal from the AFPRO.
On the E-3A program the change cycle averages over 250 days for routine
ECPs.

N - Iliremneft L - Airline pro ,ots

E - Engineetig comgpfets R - Prottoral to AFPRO
P - Approal .n hn-jw ofr .ecvad) F - Proisoul fro AFPPO to SO
0 - Con'actor chiange boafd 0 - ProposI stved at SPO

C - Contractor submal lettt 0 - Decision by USAF CC8

A - Authorized working par S - S .ppemenl .geem.n

X - Ex-ed SA mailed by W

INTERNAL HANGE

AIRLINE REQUESTEDjA

MILITARY ECP V WER 2
SEST AVERAGE 2-

ii 1WF
ACTUAL - E-3A~ L.21. O R 5

0 IN0 200 200
CALENDAR DAYS

15 OF 19 EC'PS REVISED AFTER I-IRST SUBMITTAL.
PROCESSING AVERAGED AODITIO'NAL 77 DAYS AFTER
RFVISION, CORRECTION OR COST UPDATF.

Figure 15. Change Cycle Flowtime (Routine)
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Tihe longer decision cycle of the noriaal military program in ties ofpeace can mean that changes do not get incorporated during production

and consequently nust be field retrofitted at increased cost. Als3, a
longer change cycle during RDT&[ and production leads to out-of-
sequence change incorporation in the factory and during the test prograti:
which increases cost.

Engineering managers' coiients indicated that, in general, the data
required in reporting and coordinating, as well as the time spent on
design reviews durirg a militd-,ry program, are much greater when compared
to a commercial program. Seldom is the end product improved by the
subrittal of data which substantiates the design, although customerconfidence may be. It is not proposed that design reviews should be

eliminated but that attendance should be limited to those selected
individuals who can effect a meaningful critique oF the design relati.e
to requirements. Comercial trend has been to limit design reviews to
contractor personnel with the customer p-esent as an observer only
(participation might affect warranty).

2. Product Assurance

Product Assurance (PA) is that discipline or collection of disciplines
w hich assures that the end product will fit the operational conditions
to which it wil be delivered. M.aintainability, reliability, safety,

rnd human engineering are basic requirements which must be designed
U.nto the product to obtain optir:um operational and support cost results.
1 • esin-to-cost trades must be applied to support costs equally with

other design criteria.

PA reqirements should be tailred to fit the programi rather than de-

fi'ed separately in the contract and in the various specifications for
the irdividual parts, the sub-system and the end product.

Sometimes separate evaluation and de,1 oonstration programs may be reguired.
1 .- ys need be found to achieve si.1 lar results by integrating poduct
assurance activities in line with Eni-neering analysis and the test
process. The cost of complying -v.ith reliability requirements, based on
a commercial supplier's interpi--- on of what was required, is portryed
in Table 4. This part, a high te--perture logic (HTL) integrated circuit,
.as one of seven being purchased for use on the electrical pov-er genera-

to,, control circuit equipmenL Of the E-3A aircraft The price ;or all
seven parts in the required quantity would have been -1600 as use- -nconmercial aircraft. The total price rose to S47,500 by requiring

Lltsting per MIL-STD-883 (including both Group 3 and C tests). 'W .
83 covers testing on circuits as JA;N-TX (Ni-Rei) does on equip-Erent.) TIe
contractor and the military cust:.:er then reviewed the operational"considerations in detail for the requ'.re:.nlent of high reliability and the

mission essertiality of each part, with s.ibsequent reduction in price
to 2Whie the reliability of these parts to this level is
required because of the operational consideration, the example illustrates
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that the requirements are subject to varied interpretation and that
reliability requirements do cost and must be tailored to the specific
end item and the application under consideration.

TABLE 4. COST OF RELIABILITY

DERIVATIVE PROGRAM
PART - HTL INTEGRATED CIRCUIT
NUMBER REQUIRED - 100

REQUIREMENT MINIMUM QTY I PRICE

STANDARD COMMERCIAL 100 $ 498
1 !00% SCREENED PER I
MIL-STD-883 100 $1480

* SCREENING PLUS GROUP B I
TESTING PER -883 1241 (1) $5925

SCREENING PLUS GROUP B & C
TESTING PER -883 1372 (1) $81

(1) 1000 MINIMUM BUY PLUS TEST SAMPLES

The typical Product Assurance program on a commercial program is an
integrated effort which results in a maintenance program. The three
primary objectives are to (1) minimize the length and number of delays
(reliability), (2) reduce maintenance requirements (maintainability),
and (3) reduce maintenance costs (maintainability and reliability).
The most significant characteristic of a successful PA program is the
translation of customer needs into meaningful, practical requirements
which can be met by the designer, verified in the product and used
effectively by the operator. The description of this PA effort on the

A i 747 is contained in Appendix F.

On military and commercial programs the PA emphasis is on using prior

experience with components to avoid known problems, and to use proven
components, where possible, for reliability and commonality. On
military programs one frequently has many new components and systems
as well. However, on any program, only about 20% of all components
cause about 800 of all the maintenance costs due to unreliability.
The commercial PA effort is to concentrate on this 20% rather than try
to cover all items. AFM 66-1 data can pinpoint the major offenders on
existing Air Force programs. (The Government-Industry Data Exchange
Program (GIDEP) can also provide useful data on problem parts,
components and materials.) The same offenders will usually be major

problem items on new programs. The chart developed for the YC-14
Program is shown in Figure 16.
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• TYPICAL OF ANY AIRCRAFT

0 TOP 20% OF COMPONENTS 80% OF
.j .6 MAINTENANCE COSTS

0

.2

00U|= 2010%
INDIVIDUAL COMPONENTS 10
DECREASING REMOVAL RATE -

-'iFigure 16. Maintenance Cost Drivers

Effective use is made of existing data in commercial programs. Only
that sub-system which is new or only a part of a sub-system which is
new is given PA analysis and testing. For example, if a radio system
utilizes the same RT unit and same antenna as on a currently produced
aircraft but the cabling is new between the two, only the cabling is
given PA effort not the entire sub-system. On derivative programs,
the initial trend was to follow normal military practice on both
existing commercial and new military systems and sub-systems in lieu of
using available commercial data and concentrating only on the redesigned,
modified, or changed portion. Recently, however, greater emphasis
is being placed on using available data, both commercial and military,
to reduce costs.

Military programs do have difference requirements (combat ready, more
alerts but less flying, lower labor skills) than commercial programs,
but the difference is not proportional to the order of the PA cost
difference between military and commercial programs. "Tailoring" PArequirements to accommodate proven hardware and existing data will!I reduce costs in this area.
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D. MANUFACTURING

Manufacturing includes fabrication and assembly, quality control and
TUC purchasing as related to this study. The principal effort of this

task consisted of identifying significant differences in military and
commercial controls of the manufacturing process. This effort included
standardization and commonality, tolerances, materials and process
specifications, production rates and schedules, Quality control

Ml inspections, volume of engineering changes, out-of-sequence modifica-
tions and manpower loading.

Analyses of the data gathered, showed that additional technical, purchasing
Ai and manufacturing controls result from military programs even with the

purchase of an "off-the-shelf" aircraft. Unlike commercial contracts,
the government contracts for derivative aircraft affect the contractor's
manufacturing operations in that some procedures and systems must be
modified and/or new ones created to comply with the requirements. In
some instances dual operations may be created (e.g., one inspection
line for commercial parts and another for military parts; or one
procedure for buying commercial and another for buying military parts for
derivative programs - sometimes separate and individual procedures for
each derivative program). These costs could be avoided by having all
changes to the basic aircraft accomplished to commercial standards as
was accomplished on the Peace Station program.

1. Fabrication and Assembly

Initial planning studies and production estimates for a new configura-
tion are usually based on Aircraft Manufacturer's Planning Report (AMPR)
weight and past performance. At the contractor's, no special difference
is planned for military versus commercial programs. Figure 17 compares
direct manufacturing labor costs on typical jet aircraft programs.i Size of aircraft did not affect the relative effort between military

and commercial programs.
i40
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Figure 17-. Manufacturing Direct Labor

In the contractor's experience, 'tManufacturing management (an indirect
cost) is more affected by application of military requiremeits than are
the shop personnel. There are more meetings with the customer, more
proposal requirements, and more contract status and problem reports
when compared to commercial practice. These collectively require more
management tEime and meetings to plan, implement and control the added
requirements.

Acase in point is the review of MA' L Reuain6-0 . t dneac
of Aerospace Vehicles and Related Support Equipment," which provided the
following examples:
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1. It was difficult to locate all 34 sub-tier military publica-

tions which were required to determine compliance to theIj regulation.

2. Pfter extensive coordination with AF agencies involved, it
appeared that a lack of conmon understanding of the require-
ments existed.

3. Recent visibility indicates that the regulation is being
rewritten to achieve a better concn understanding.

Action taken on the application of this regulation is typical of most,
and is illustrated in Table 5.

TABLE 5. REGULATIONS CAUSINC INCREASED COSTS

AFSCR/AFLCR 66-24. Maintenance of Aircaft
*Has 34 jurst-tier publications

* Spent several hundred mianhouos to review

*-Parts will be complied with
eParts will be complied with by intent

* Parts are not cost-efective to comply with

eParts can be complied with but will be negotiated

* Parts do noi apply
MIL-STD-I5!8,Fuel Handling

o Initial estimate of compliance is $500000 in
capital expenditt.-re

AFSCR/AFLCR 66-24 is an example of a general conment made by several
managers during the course of the study: "The military requireents are
not always valid. They sometimes try to anticipate every problem everi:t to be encountered and provide "how to" solutions on new product technology

L-o which may not fit very well." The net result is that the contractor
may find himself being asked to conmit to requirements which may not be
cost-effective or necessary for the particular program.

Another example of a requirement which results in an indirect labor

increase is MIL-ST-483, Physical Configuration Audit. This standardI duplicates local Air Force Quality Assurance fPFQA) verification. The
audit involves approxiately a one-week review of engineering changes,
supporting documentation, drawings, and planning, followed by an
inspection on the aircraft which requires one or two days.
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The work performed after rollout may also be affected by application of
government requirements. AFSCR/AFLCR 66-24 was discussed above. Two
others need mentioning. They are:

9 AFM 127-101, Industrial Safety Accident Prevention Handbook

T.0. 00-25-172, Ground Servicing of Aircraft and Pc .itioning
of Equipment

On two derivative aircraft programs (E-3A and E-4A), safety precautions
above and beyond OSHA and contractor's fire department regulations were
added per AFM 127-101 and T.O. 00-25-172. These precautions include
no maintenance and no APU operations during fueling, thus eliminating
the use of two well established safe comnercial practices. Conversely,
two other derivative aircraft (T-43A and Peace Station) were handled as
commercial aircraft where concurrent maintenance, APU operation and
fueling were permitted. The latter indicates that tailoring requirements
to program needs can be accomplished and will reduce cost.

2. Quality Control

According to Quality Control managers, the application of military
Quality Assurance requirements on derivative programs has caused some
changes in the inspection system in the area of procedures, records,
and facilities. The Air Force Quality Assurance requirements impact
how the contractor manages and controls quality as well as measuring
the quality of the product and verifying contract compliance of that
product. Some military requirements are less stringent than the con- I
tractors' and some are more stringent. Specification QQ-A-367,
Aluminum Alloy Forging, represents both. It is less stringent than

contractor Material Spe-ifications in the following areas: lot
acceptance inspection, grain flow conformance, internal defects
detection, and stress corrosion testing. QQ-A-367 is more stringent in
requiring shot peening all non-stress corrosion alloys instead of being
selective as to application.

A study was made by Quality Assurance of twenty-two military specifica-
tions to determine the cost significance if these specifications were
made mandatory on derivative aircraft. The study showed a cost increase
of $40,000 per year, per specification, if 100t compliance to the
rilitary specification requirements in Quality Assurance were to be adhered
to. This cost figure was based on the detailed investigation of only
one set of specifications (BAC 5719 versus NIL-C-5541, Chemical Conversion
Coating on Aluminum and Aluminum Alloys). Table 6 lists the military
specifications and their contractor counterparts which are utilized in
the contractor's Finishes and Metals groups. Each specification's
cost significance is indicated individually. The above example is

£ considered a "major" impact. A "minor" cost impact would be from a few
|. hundred to a few thousand dollars, such as, the application of

MIL-F-7179 to structural tubing where the interior must be painted or
coated with corrosion preventive, not a normal commercial practice.
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TABLE 6. COST SIGNIFICANCE OF MILITARY SPECIFICATIONS

EQUIVALENT MILITARY OR
.!fH ORDER SPECIFICATION

SAC MSIER TITLE SPECIFICATION~ NUMAERS SIGNIFICANCE

BAC 5019 Type I (Chroric Acid Ancdized MIL-A-8625 Major
Coati'igs for Alumiru5 Alloy,)

SAC 502Z Type 1: (Sulfur'c We~ Anoie ZLA,2 Minor
Coatings for Al.minu% ;llbYS)

SAZ 5408 Meth.od 11 (Vapor Degreasing) TT-C-490 M~inor

SAC 5602 Heat Treatoent of Aiuminit- Alloys MIL-H-6088 tiajor

ELC 5609 Type !I! (Dow 7)1 MIL-M-3171 Minor -

SAC 5611 1-.eat Treatner~t of Copper & Copper Alloys MIL-H-7199 KaJor

PAC 5617 ieat Treatrient of Alloy Steels MIL-H-6875 Major

SAC 5618 Carburizing H itroding of Alloy Steels MIL-S-6090 major

EAC 5619 Meat Treatrvent of Corrosion Resistant Steel PIL-S-6875 Major

EAC 5621 Terperature Control for Processing of See Applicat-le Heat Minor
.HeteialsTreat Specification

C5701 Type 1. 1! )r ItI(riqt-t CaA%!= Plating(l--1 Maior
cfi Steels meat lrezte Vlp T2 220,000 Psi0

BAC 5706. (Zinc Chromate. Prioar Application) MIL-P-6808 Mirnor
5776. 5745

SAC 5. Material Spec- (M~ Equivalent 42ot Required) MIL-L-7178 Minor

57176. 5745

SAC 5709 (Ctroeiue Plate) QQ-C-320 Major

SAC 5715 (Silver Plate) Q~S3SMinor

SAC 5717 Type I or I! (Tin Flat#) MIL-T-10727 M!*icr

SAC 57119 :Treat Alumfinum After Asseuily. Alodine) tiIL-S-5002 Minor

SAC 5719. (Aloine) M!L-C-5541 Major

5745

!XC 5719 Class 3 MIL-C-S541 Maor

SACSiO (roectonof Interior Structural Tubing) VIL-F-7179 Minor

SAC 5: 'f (Treat Alvzinmw After Asseftly. Iridite) MIL-S-5002 ir

8AC 57ZE (Inidite) M:L-C-5541 Major

SAC 5730 Shot Peening NIL-S-i 3165 Major

SAC 5730-2 Shot Peening. Self-Contained MIL-R-81841 Major

WSP-574 Type 1. class C; Type '&I. Class 0 and E. KIL-M-4520Z Minor

(Anodic Treatfnt of agniesiui Alloys)

SAC 5709 Mto III (Alkaline Cleaning) TI-C-490 Minor

-A 81 5750 (Solvent Clean or Cie&, Any lasts Vxtal MI L-5-SCD2 Ili-or
Lesered by F-4L."X Codaes)

SAC 5765 (Clean Aluvinn Coi~ered by F-l2-xzx codes) "IL-S-5002 Minor

WAC S773 Type III (Inidite 15) NIL-M-3171 Minor -

$SM51. Type I (Zinc Piwioftate Coa1ng.4r-173OMio
Class 3 Material Spec. (B -quivln a eurd A--7

SAC 581C. lype Pt. Class t 'Phiosphtate Coating) MIL-P-16232 rinor

Class I

exC S951 Wlass sead Penning NiL-S-13165 major
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Military aircraft are frequently delivered without lO0r of the approved
equipment installed. This equipment is usually GFAE which does not
prevent the aircraft from flying but does not normally permit mission

operations. This tends to add complexity to the delivery process.
FThe FAA regulations will not allow delivery of a commercial aircraft

for revenue use without full equipment certification. This leads to
a cleaner delivery with less follow-up cost.

3. Purchasing

The major effect of military program controls, specifications and J
standards, which must also be imposed on sub-contractors, vendors and
suppliers, is centered in the Materiel Department of the contractor.

The second questionnaire answer received from one Materiel Department of
the contractor is a coordinated composite of all the Materiel Depart-
mert comments on this phase of the procurement cycle. Commercial
aircraft materiel personnel are the buyers of all airframe equipment
(commercial and derivative peculiar) on all derivative programr. The
more pertinent points of this composite reply are discussed in the
subsequent paragraphs. The complete reply is in Appendix G.

The cost of a purchased part for a derivative aircraft program is more
than a similar part purchased for commercial programs, based on exper-
ience with derivative programs. The differences that cause the increased
cost are:

(a) Small quantity buys, with greater Qualification Testing,
Quality Control Inspection (contractor and government) and

H- Production Verification Testing Requirements, spread over
longer delivery periods, causing problems of shop load, high
cash flow at start, and slow return of investment.

(b) A greater risk of cancellation.

(c) Lower replenishment spares potential and at very reduced3
pricing when compared to commercial programs.

(d) Increased cost of administration; i.e., government audits,
I reports, inspection, etc.

(e) Reliability (e.g., "Hi-Rel") Parts Control Program.

(f) Higher Supplier Internal Costs result from:

1. Delays caused in waiting for Government Source Inspection
(GSI) to arrive and clear shipments.

2. Air Force reviews of capabilities.

A
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3s. Additional paperwork required in preparation of cost data,
Form DD633 Cost Breakdowp, etc., in accordance with
"Truth in Negotiations' (Public Law 87-653).

(g) Special finish standards, sealants, corrosion protections,
instrument lighting (different than conmerciais) and other
requirements peculiar to miitr pracice

The application i4' government specifications to minor components that
are norm.ally purchased as a standard i1tem, in conamercial work is a fre-
quent cause of higher costs. Aircraft parts are not the only ones -

involved. From the CODSIA (,Council of Defense and Space industry
Associations) study, "Costs Unique to Government Contracting,' comes an
example of the disproportionally high costs resulting from such special
specifications and the purchase of sm~all quantities (Table 7).

TAL .MOET COST COMPARISONSA

Standr ipefitings_

3 Inch 20 3.1 6 5.73

4 110 57 98
20 1-626 16--
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Suppliers m~re often are reitctant to bid on parts for military progransU
because these program:

(a) ay -tie ugr enqgirieerina talent on a smail velin of business.
1W They wish to use su...* perso...2l in areas of greater return-.

(b) Y =.xy teu eqt t on a smail Quantity _alIftary when it
is needed for the wwreacnure of similar corc-al parts.

IC) Z~Y har caoete with the supplier n--w protc-i a similar
Dart.- i quantity releases again..)

'd" May -havet ac-d the staff to hanalle the additional paperwork _

reqiw'e by gvenwdsnt proxur!nts, i.e.., added testing.I
report r erwi r-=fit s. gonervx-nt audits in all aes,

= deietion of COS-ts per AGM$ UV. etc.

(e lyhave to cnta -n 'the financial reserves to, cover the
a-Jt1Er~lv tLkn fazr goverment to make purcnasing

Ilk P~y teemirvedfinas heprocurment because of factors

matside the astoer's contral.

(g)--P Ma-amtwa oas which never lead to orders (eer.cise

or. flP's. £23', e-tc_..

(M !Y encountr schet'le slides caused by the wacertain fundi-n

1I MY ave to change internal business syst~ to a;-rn-ate -

the rtean'9is. .mcdues tevsad o.i

wh.ich they mst -flw-dots to their lower tier sauwliers.

A experierx- an derivative uroaram illustrates this puobis.. Ihe
req~r~n once IrvstivC prugra for an item of AG could be

filled with availab'cM nf'-The-shelf cercial grasad cu-aport tqu1qunt.
dl "-vative aircraft. Howeer, the new pu.rchase order i'-iuded

the prir zriUtry cntract flmu-&urn. Waen it arrived at the =alta-

order for this or!-t-U-1e-sh'f "'ex was accwr~anied by a is o . f specifi,-I

cations &I isn me did not have copies rnor the available s'f ato _

interpret and -=w='ly with the tcaM-entation and accoiwtability rqire-

ets. A c wase was reache - ad a priwe Contractor tea helpsed
match the hip-rdare andO *tcaPe-0ato. with the rqira. A



E. TESTING

Testing includes shop, ground and flight testing which occurs during
the design and production of an aircraft. The effort in this phase of
Task 1I includes identifying differences in test and evaluation practices
and a gross evaluation of both component testing and flight testing.
The practices evaluated are decision-making processes, manloading,
number of test hours or time required, phasing into the program (lead
time), extensiveness of test plans or specifications, average number of
pages for documenting test results, and policy for design changes as a
result of tests conducted.

Airworthiness is established in a similar manner for both programs.
The greatest difference in test programs is the military requirement
for formal demonstrations of reliability, maintainability and logistic
support. In lieu of formal demonstrations, commercial programs obtain

rl this information from early in-service operations. Other smaller
differences result from more stringent military requirements arising
from the anticipated more severe military usage. These include
additional structural testing and climatic testing. The added
complexity of the r.ilitary mission equipment requires more testing for
the additional avionic and other special sub-systems.

Another difference noted is that the military requires interim approval
of test procedures and plans, as well as final approval of test results,
while commercial programs require approval of final results only.

N- (Figure 18 shows a typical commercial test requirement form -one page.)

1. Flight Testing

The Air Force Flight Testing Program is organized and managed in accord-
ance with AFR 80-14 or 80-36, depending on whether it is a purely

j military or commercial derivative. It is conducted to satisfy the
requirements of the military specifications for air vehicle, its sub-
systems and the ground support systems which are reflected in the
aircraft design specifications.

IiI The commercial program must satisfy the requirements of FAR-25, Air-
worthiness Standards: Transport Category Airplanes. These requirements
are primarily intended to establish that the aircraft is safe. The1'st program also must demonstrate to the customer(s) the guarantees
for cruise performance, fuel consumption, etc.
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747 TEST REQUIREMENTS 2
TEST PL)X WM. f 0.0:t.'- IST OF A MODEL 1 0901H~.11 ......

TEST TITLE TEST TP

Woy Proof Pressure Test LAI 0 -A. PGI U A.PFPT 03

TEST REQUIREMENT QIECK ONE ONLY REF. NUM3ER
tEQ4 0ISCIF.INE- stuezures O ESIGN DEVELOPMINT 03 *US uS'F sC _____

tAERO. STRUCT. P20P. EC. 4 OSINVE41FICATION C3
IESPONSILE ENGRJ______ CEITIF 'CAT ON . AN. 2.Y7

PRODUCT IMPIOVEMENT Q *OTHER

SEN~~~~oRJTVF'TEC PLJC y 10Y IA No.________

TEST PRIORITY ISEE PIO.ECT MEMO 9.))
MANDATORY L4 CRITICAL 0 IMPORTANT t3 DESIREASLE 0

TECHNICAL TEST OBJECTIVE
1. To satisfy the FAR req4.r*_uint for sabtantatiig load ttsats.
2. To verity izterznsl structural load distribution.
3. TO di onstr~te t structural Capability beyod shop pressure test r*qi~r"_entson the r.cii :.

TEST DESCRIPTION INCLUDE DATA REOMTS)

2.. Pressuris the &L-plane to "ik gisg.

3. lad phatostreas data at I Acrecatnta2. unloeding '.f 1.

UNIQUE TEST VEHICLE/FACILITY/,EQUIPMENT CONFIG REQMS (INSTR* Aj. TEST R10. ETC.)

TEST SCHEDULE
e t[S? CONDUCT PERIOD 81/3M tb:a_4122/72. (3 shifts)
* IS RESULTS 21*0'SCHEDUJLE CONSTRAINT DATES. ro Dfrt!1~IO ria~

*DATA SUIMITTAI. DAT[ IVAA fuitl REPORT. DCC. No.. ETC

ESTIMATED BUDGET REQUIREMENTS- * ENO* 1,50.... IMM)
9 wo -- 3#009- *0

Cmv. * oAft"uAt S

3. PA 7- 2

Figure 18. Typical Commercial Test Plan
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The military Category I flight test program accomplishes essentially the
same tesi- objectives of flying qualities, performance, and system
qualific,.tions as the contractor evaluations in the commercial program.
The FAA demonstration is similar to the Category II performance and
systems testing. Additionally, the military program introduces into
Category II, testing for system integration and accelerated service
testing. Category IiI has no formal equivalent on a commercial program.

Comparison studies have been made of flight test orograms for commercial
and military versions of the 737 and 747 aircraft. The studies indicated
approximately 25 additional flight hours would be needed during Category
II to make an FAA-certified aircraft comply with the military specifica-
tions. (The T-43A program was required to comply with the additional
requirements while on the E-4A they were waived.) Summaries from the
studies are contained in Appendices H and J. Comparisons of equivalent
testing and total pre-operational flight programs are shown in Tables
8 and 9. The major differences are in reliability, maintainability,
accelerated service testing and training. Since these are Category II
and III requirements and performed by the customer, quantifiable cost
data is not available.

TABLE 8. FLIGHT TEST PROGRAM COMPARISON - FLIGHT HOURS

I-

-_

Commercial Military

jisi rotin F AA cort.I
& development demiri. Cti Cat. I ' I

Pratlimina'y evaluation 30 3

Pedformtie 89 100 95 110

Stability& control 95 54 105 65

Engine &ful2 6 3

Systems 105 78 125 1 M

Structures 55 75

Acoustics 8 1 10 5

Functions and reliability 150
* System Integration and

maintainability 190
Jf & Accelerated sorvice testing 780

Non-test flying 120 70

Total 522 409 I35 I 1385

t
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TABLE 9. PRE-OPERATIONAL FLIGHT PROGRAM - FLIGHT HOURS

Commercial I Military

Flight test 931 1920

Contractor crew training 900

Cjstomer crew training 803 1885 (Cat. Ill)
and route proving

Tota! 2631 3805

During a special cost reduction effort on the E-3A proaram,
the flight test activities were reviewed for potential savings. The
review was made by assuming the program would be completed using the
same procedure as is employed on commercial programs when a new model of
the same type is tested. This procedure utilizes all available past
experience and like design test points. For example, the Air Vehicle
Testing would not include a complete flight loads survey. Only a few

H points would be checked to assure that the new model is the same. If
these points did not track, then the test would be expanded as necessary.
The same would be true in other areas where little or no design change
has been made, e.g., the landing gear, wing, etc. Ather cost savings
would be achieved by not reducing recorded data unlLs a problem arises.
Although data is recorded on commercial test flights from engine start
to engine shutdown, it is only reduced when required to observe trends
or to investigate potential problems.

The Mission Avionics testing could be reduced by accepting previous
test results where no changes had been made in the sub-system or by
merely testing the changed or modified parts within the sub-system
(both standard commercial practice). The Environmental Suitability
flight testing could also be reduced by accepting data availability
from previous tests or by combining it with other tests.

Reduction in program length could also result from the modification of
the military regulation requiring 24-hour crew rest between test flights.
(Commercial flight crews follow normal working day requirements.)
Another reduction could come from not restricting contractor crew
members to just one derivative model. The contractor's test pilots and
crews are qualified to fly all currently produced models and do so;
i.e., the 747 one day, the 727 the next, and so on.
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A Value Engineering Change Proposal (VECP), was submitted to reduce
the flight test program by 603 flight hours and 25 months. See
Figure 9.

L .. CONTRACTED
BASELINE

POTENTIAL
(DESIGN-TO-COST)

MISSION -~~~~~AVIONICS -- ": - ----..__L..:

TESTING POTENTIAL SAVING:
603 FLIGHT HOURS

___-__--____":_ ___ :.;25 MONTHS
OPEAATIONAL 25M-NTHS
EFFECTIVENESS
& SUITABILITY

ENVIRONMENTAL

SUITABILITY

__]01

0 2 4 6 8

I! FLIGHT HOURS X 100

Figure 19. Flight Test Program

The VECP was not approved for the following reasons:

I a. Flight Hours - The main difference in flight hours is that

military requirements are aimed for the worst known case
u while commercial requirements are aimed at margin over

anticipated use and take advantage of other data.

b. £alendar Time - One reason for e~tended calendar time rests
t th the 24-hour crew rest requirement. For example, if the
crew members complete a test at 1600 hours, they cannot fly
until 1600 next day. if the next test is a daylight test,-it

II is scheduled for the next daylight period, another wait of
16 hours. Testing new military aircraft, where everything is
new and different, is a different experience. All
faculties of the personnel need to be at high perfo, .. _e due
to high risk factor. But on derivative aircraft, where con-
tractor pilots are very familiar with the basic aircraft, theIiI risk is less. Consequently, the crew rest time can be decreased.

W-A MAC uses 15 hours crew rest without jeopardizing safety. The
rationale for the 24-hour rest time should be reviewed for
derivative aircraft.
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The cost of a flight test program for a military derivative of a com-
mercial aircraft is increased by application of the requirement to
comply with Air Force Regulation (AFR) 55-22, CONTRACTOR'S FLIGHT
OPERATIONS. This regulation requires contractors, who operate aircraft
"for which the government assumes contractual liability for loss or
damage," prepare and follow procedures which comply with its require-
ments and which are approved by the Government Flight Representative.
The application of this regulation could be tailored toward commercial
prictice for derivative aircraft.

Areas which need tailoring are:

a. Form 24 Approval by USAF - This personnel flight clearance
form requires SPO approval for all USAF personnel, Contractor
approval for his test personnel, and AFPRO approval of the
completed form. Approximately three-fourths of all forms are
changed after initial approval (generally for a change in
personnel) and then require additional coordination. Compli-
ance with this requirement expends six to eight manhours
(engineering/engineering supervision) for each scheduled flight

on one derivative program. On a commercial flight test program
the requirement for flight clearances is checked by the
responsible test engineer. Much lost time could be saved by
delegating this approval authority to military personnel on
duty or to the responsible contractor test personnel.

b. Flight Physicals - The flight physical examination requirements
are basically the same, but the regulation does not allow
personnel who are required to fly only on occasional flights to
do so without a flight physical, a standard commercial practice.
This increases the number of physicals required by 30 to 40
per cent. This requirement is often waived for VIPs.

c. Physiological Training - The regulation requires that all
personnel obtaining a flight clearance have physiological
training including the altitude chamber test, even on a
derivative aircraft. A typical example of this requirement

was the T-43A Navigator Trainer, where the structure and the
pressurization system are identical to the commercial 737
aircraft. The same situation is essentially true on the E-4A,
E-3A and Peace Station (707 derivative for IRAN). This re-
quirement is also waived for VIPs.

d. Flight Clothing - This requirement states that all test crew
members must wear Nomex flight suits, gloves, and boots. The
Nomex flight suits and gloves are in case of an inflight fire.
The boots are in case of bail out. None of the current military
derivative aircraft is equipped with bail out systems or with
parachutes. This requirement is waived for VIPs.

The savings that could be realized by tailoring this regulation are
shown in Section V.
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3. Ground Testing

WEI Another specific example of differences in testing between military and
commercial aircraft programs is in the flight deck instruments lighting.
A VECP was submitted to use commercial standards in lieu of MIL-L-27160B,
"Lighting, Instrument, Integral, White, General Specification For."
To perform the test per MIL-L-27160B, special equipment is required to
record data not visible to the naked eye. (Commercial tests do not
have this requirement.) A comparison of the differences is shown inTable 10. The portion of the VECP covering the E-3A flight engineer's
panel instruments was approved, saving $157,312.

TABLE 10. TEST COMPLIANCE - INSTRUMENT LIGHTING

Each instrument MiI-L-27160B Commercial

Lab. technician test time 10 Manhours 5 Manhours

Computer program and report 10 Manhours 6 Manhours
Computer time 2 Minutes 0 Minutes

Rejections (and retest) 5 1

In summary, some flight test costs on derivative aircraft can be reduced

by carefully tailoring the test requirements to make maximum use of
existing commercial practices and data.

7i.

F. OPERATIONS AND SUPPORT

Operations and Support includes maintenance and operations, contractor
support, supply, manuals and training. Maintenance and Operations
includes off-equipment repair, on-equipment repair, new item inventory
management, operations personnel, maintenance personnel and fuel. The
effort in this phase of Task II consisted of identifying significant
differences in the operations and support practices for fielded programs.
Major differences were evaluated in areas such as maintenance concept
employed, support equipment and facilities, spares provisioning points.
technical data/handbooks, and extent and level of training required.

1. Operational Support Requirements

Only infrequently do contractors provide the airlines with something
approaching an "Operatioi.al System," as the Air Force uses the term.
The airline contracts usually specify an aircraft with specific perform-
ance requirements. The other elements of an aircraft system, such as
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facilities, ground equipment and personnel are g~nerally defined by
the contractors but are procured separately by the airlines and the
airport authorities. Many of the military system engineering techniques
intended for application to support functions are consequently performed
by the commercial customer rather than by the airplane manufacturer.
When the contractor analyzes system requirements for a military aircraft
system, it is the mission systems and ground functions, particularly,
which require system engineering techniques, such as, cargo loading,
weapon loading, fueling, engine removals, etc. These techniques depend
upon compatibility of aircraft with ground equipment, procedures and

personnel.

2. Maintenance

The airlines continually review the need for maintenance without jeopard-
izing safety. New advanced techniques and procedures are constantly
being developed. The airlines have shared these new techniques with
the military. Although the benefits to date could be larger, they may
be limited because of the military operation of many types of complex
aircraft; the constantly changing, somewhat less experienced labor force;

-i and the low utilization geared to provide weapons systems for deployment.

A review of many Air Force maintenance programs shows that over 30% of
the logistics support costs are in scheduled maintenance - inspection.
(Figure 20 is typical.) Over one-third of that labor is expended on

Scheduled Maintenance

oot'- . .

" **,' 6%t
t t  

,

I;reflilht * Prflight

* Thrutilght * Tlh t
* Weekly postfllgt * •~ posetflgh
*" Phased isochional * Weekly pitfilht
* Irn * Phased Isodaroad

2.4an
Deafv t• low

Figure 20. Logistics Support Costs
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basic postflight inspections. A maintenance schedule, typical of
commercial programs, was proposed for the T-43A which did not include
this type of inspection. The customer requirement included it. A
comparison on the scheduled maintenance for the proposed and actual for
the T-43A derivative aircraft and the actual on its commercial counter-
part is shown in Figure 21.

T-43A
Scheduled Maintenance Labor - 737737

INSPECTION DOWN MHIFH
TYPE INTERVAL TIME PROPOSED ACTUAL

HAILY JL 1.62 1.08
DAILY 1 1.60

OFLI.kf EA. FLT 1 0.80
A 65 FH 3 020

WEEKLY 7 DAYS 2 0.78 0.78
8 250 FH - 0.18

JSQCHRONAL .35 DAS ..jr 0-90 AtC 1000 FH0.--

IANA 2 -1200 FH 240 0.54 0.54
0 I2.00 FH 16 (A___

TOTAL 3J4 4.10- 12%
3.07

* INCLUDES ALL LINE MAINTENANCE ALSO KNOWN AS TERMINAL.
OVERNIGHT. PREFLIGHT. ENROUTE. ETC.

PERFORMED BY CONTRACTOR

Figure 21. Maintenance Labor - T-43A/737

The current airline maintenance planning technique, defined in the
"Airline Manufacturer Maintenance Program Planning Document, MSG-2,*'
was developed by representatives of various airlines and includes
decision logic and interairline/manufacturer procedures for developing
a maintenance program for new aircraft. The objective of MSG-2 is to
present a means for developing a maintenance program by outlining the
general organization and decision processes for determining the
essential scheduled maintenance requirements for new aircraft. Its
approval by the FAA Maintenance Review Board (MRB) is estimated to
provide a 45% reduction in scheduled maintenance labor from its
application to the 747 program, as shown in Figure 22.
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4-i Scheduled Inspections

(Routine Tasks Only)

W0.OOD

3atw.TEMdANCE UUWU AIG
LABOR -4

-d4OURt3 40.000

0 1.CC* 2"D 3.W) 4.M 500 600 700 1.0 0 .=

Figure 22. ,SG-2 Manhour Savings 747

MSfi-2 has been reviewed by the military logist.- personnel. High level
officials of DoD have been briefed on its use by the airlines and the
contractors. Amnendment #1 to MIL4--59060, "Manual, Technical,
lispection and Maintenance .. ,which changes the inspecinpann
section and incorporates MSG-2 in the Appendix, is currently in review.I
AFLC has let a contract to the contrac'nr to apply the philosophy of
MSG-2 to the B-52 inspection program and to determine the savings
available, estimated at 25%. The philosophy of MSG-2 is also being

utilized in E-3A maintenance planning, saving estimated at 28%.

the T-43A logistics support program included one feature which isI
resulting in a great savings to the Air Force. Instead of using the
traditional jet engine philosophy of hot section inspection and over-
haul, an engine IRAI type program called Engine Heavy Maintenance (EHM)
was included and accepted "n the Contractor Support Package. The cost
impact of this practice is described in Section V.

Another commuercial airline practice recommnended and applied to the T-43A
program is called engine derating. This procedure, implemented by
comrmercial airlines to reduce failures and thus save money, allows a
reduction in takeoff thrust on occasions when conditions of weight,I temperature and runway length permit. (The reduction in peak engine
temperature improves engine life.) Approximately 50% of all airline

1 departures are at reduced thrust. The summnary of these benefits is
shown in Section V.
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3. Contractor Support

The advent of derivative aircraft increased the application of contractor
support programs. Contractor Support is basically the performance of
military support functions by commercial companies. The method of
operation is to have the government decide the organic level of support
to be accomplished; then contract the remainder to the prime contractor
for accomplishment. The support can include on-base support functions
and generally includes spare part provisioning. The government also I
requires performance guarantees backed by penalties and incentives.
The key item is a single contract with the rime contractor whn, in turn,
has existing commercial airline industry support.

Most logistics support contracts have been written for derivative air-
craft because of the availability of airline support and because the
orograms have been non-tactical. The use of such support during the
production phase of a military aircraft has been advocated in the past
and could work as shown in Figur=. 23. Continuation of sapport after

gI

OVERHAUL STOCK &I
_ TOOLING
DEPOT

tat U. S. AIR FORCE
I'DE OR DOE; AGENCIES

BASE SUPPLY
A~

~ PRODUCTION
. OE G ' .... i -:- :-....-....PHASE OUT

-.: BOEING

CONTRACTOR SUPPORT PERIOD
PRODUCTION

10C LEAD TIME

-: PRODUCTION PHASE

Figure 23. Contractor Support - Military Aircraft

61



the end of production would offer the benefits of having (1) a production
capability in case of emergency, (2) lower non-recurring costs for
producing additional aircraft if needed, (3) wartime support capability
avaiiable almost immediately, and (4) a transfer of activity from the
DoD payroll, which now takes more cnan 60% of the budget due to salaries
and retirement benefits, to the private sector of the economy. The
logistics savings estimate is approximately 40% although a detailed study
has not been conducted to verify this estimate.

The savings from contractor support on derivative programs result from
fewer spares (including insurance items), use of commercial publications,
fewer maintenance personnel, less AGE, quicker part overhaul, fewer
inspections and use of airline work force capability.

The greatest potential for cost-saving in contractor logistics support
is the provision of spares by the contractor during the early years of
a program. Statistics from previous contractor and Air Force studies
show that about 50% of initial spares become obsolete or are never used.
Besides the obsolescence factor of parts, at least 50% of initial Federal
Stock Numbers (FSN) expense could also be avoided. The supply system
savings of contractor support also result from higher volume of the
commercial system and from a shorter pipeline. Two studies were made on
this supply cost saving: on the potential use of the 747 as a tanker
and on the Utility Tactical Transport Aircraft System (UTTAS) helicopter.
Both studies indicated a 40% saving (See Section V).

Technical publications afford cost savings of an estimated 78% since use
of commercial manuals permits the government to become one of many
customers instead of a unique one.

The maintenance labor cost is reduced 28% because the greater number of
personnel required under the military system more than offsets the higher
cost of civilian aircraft maintenance skills.

The elimination of Aerospace Ground Equipment (AGE) from the shops and
from the depot results in approximately 80% savings in AGE equipment
and support costs.

The contractor has gained experience in the operation of the support
elements of military bases and now has data which points to a potential
50% reduction in personnel costs by the utilization of Contractor
Support. The yearly cost of the average skill level within a supportgroup now favors the concept of contractor support. A manning comparison

is made for a transportation squadron. The reduction results from the
deletion of military duties (20%) and the work improvement (23%-30%)
benefits resulting from less paid training, multiskill capability,
personnel longevity and profit motivation. The cost impact is shown in

1' Section V.
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4I
The application of the contractor support concept to an individual
aircraft program must be made at the program inception. The many
variables of the concept must be evaluatea, reviewed and applied in
accordance with the program mission, availability of both organic and
contractor support, budgetary considerations and socio-political
pressures. What works well on one program may not on the next.
Experience to date has provided sufficient evidence that the application
of contractor support to derivative programs is cost-effective. It is,
however, an evolving practice and application to each program must be
considered relative to program uniqueness and goals.

4. Supply

Comparisons of basic differences between Air Force and c= ,eircial
spares provisioning concepts have been made from time to time at the
request of both military and commercial customers. Both customers are
seeking a better way to solve a tough problem - how to get the most for
the investment. !.'entification of "differences" is not intended to
imply that all commercial practices are preferred nor that they could
logically be applied to every Air Forc2 program. It is considered highly
desirable, however, that each new program be matched with the most
efficient and effective support program by clreful selection of the a
organic/industry responsibilities and the related procedures. Table 11
compares the basic differences which are detailed in the following
paragraphs.

TABLE 11. SUPPLN COMPARISON

Inutycommnon PrsUniquepat

Short Pipeline Longr pip elne

Spare parts - term neuements Compeitive biddisn

Warranties N o a otie

if: omited stock nunirlm FM on all parts
6zi
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The w..nt of in-house repair, and -ece t inves nt n -to3s, o -
equiP nt, oeaUS c onents, an shp anpnet r, H v
amvng the operators- In. gene ral, rdhe larg--er thne ovet-. 's fleet. vl--e As
wre pro.e he will be tperor ccaw ent overhaul -an repair.
the advent of Jet arrraft. the 'arer operators have shm an inceased
tendency to shre treae facility investents th-!=2 h au.eeents with
each other and to assme resposib -*e for speci'i air-raft systm
-in behalf of iii mtors of a cOs'rt-IM. I T ( r-a V-rs With sma-l

fets frequently subcontract to the largeer operato-s for suppet of:te... frei- eiy a z-ZC:atfa_ ~~_T3
investme -,rO s nficant . --- a- I. reCa

of tins ;ts the invstswnt renujrc4a two aoweN-u a n d - M curret- serIs
of arge jet engines.

he cost associated with constructioc and equipping an engine test cell
= cannot easily be justified tiness a uare, nw.er of engnes are expected
to be processed ,rouc the facility_ Similarly, the cost of a spare
engine is so grea that replacemnt iwrnr plants must be &ininized.
which in turn, forces rapid repair and return to service of failed irits_in order to accomplish this rapid turnaround, the o'nJdar -aintenanzr
concept is emplojed, but this imoses a significant investment in spare

modules. By increasing the fleet size to be supported thro-gh agreennts
mc.ig the operators, the fixed costs and sony of the investints not

affected proportionately by the nuter of end items being supported can
be effectively spread across a larger base, thus reducin the cost of
owership for all concerned-

C rcial carriers, althot.h caetitors for routes and passengers.
have histo-ically cooperated with each other when equipment problems
exist. Critical parts appropriately marked will be given priority on
almost any airline in the world to alleviate any other operator's
*G (irplane Or Ground - sae as IN4I1--). Sori-ing from stcks of
different operators at a con station is con practice Tf eas
for this cooperation appears to he f bilateral respet and trust - zt
exists among the coercial carriers. Each has assurance that, sho ld

the role of recpient and supplier be reversed, the ressults wnoud be
uncharged. By ctrast, the Air Force has expressed a desire to utilize
c= rcial assets as back-up to its organic capability but has not
entertained an ag-.ee..t whereb the c rcil overator cra extra-t
the eq-aivalent support from Air Forem supplies.I( O~rther differences between Air Force arnd industry suppor ts il

the degree to which over1aulreoair is perfored. Generally speakinfg.
the Air Force attmts to =zero tineo its cmponents returned to anAir
Logistics Center (ALC) for overhaul - Swu years ago the cercial
operators departed frm this prcedure and now. generally, perform
repair/overhaul to the extent necessary to return the item to a
serviceablem  conition. Various airline studies have revealed that

complete overhaul often degrades reliabilit' an amy incur ex ines
greatly in excess of the cost re ifd to sieply re air as necessary to-
met service requiremenits - This cluange in concept occurred at abouat
the sao time that Me airlines (and in wverrnt, to a lesser extent)
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all but abandoned the programmed removal of components based on installed
flying hours. It was established that monitoring the performance of
these items in order to detect potential/incurred failures improved

reliability and simultaneously decreased costs by minimizing overhaul/
repair costs and the failures attributed to "infant mortality," rein-
troduced at each repair cycle.

Involvement of the prime aircraft manufacturer and responsible major
suppliers is also encouraged by the commercial operators. To this end,
commercial airlines may pay higher unit prices for selected spare parts
than would the military for an identical item. The commercial price

h recognizes the supplier's expense and economic exposure in providing

for a stock of parts at his facility in order to fulfill customer orders
with a minimum of reorder lead time. This supplier capability obviously
reduces the depth (and sometimes range) of parts requiring airline
investment and nakes maximum use of the "pool store" concept for the
support of all operators. The collective costs for each airline to
provide for its own individual parts support equivalent to that gained
through the supplier pool(s) would be prohibitive in view of the com-
paratively small increase in operating costs which allows the pool

U store(s) to exist.

_As Commercial support programs often are defined by a "Spare Parts General
Terms Agreement (GTA)" which sets forth the procedures and exclusive
terms and conditions governing the supply by the prime manufacture and

procurement by the aIrline of all spare parts procured through the prime
contractor. As opposed to the government AFAD's, the GTA imposes
obligations on the Buycr as well as the Seller. It addresses such items
as agreements to manufacture and sell; agreements to purchase; pricing;
leasing arrangements; ordering procedures; title and risk of loss;
inspection and acceptance; warranties and re-purchase agreements.
Provisioning data to be submitted is basically at the contractor's
discretion, although Air Transport Association Speciiication #100,
"Specification for Manufacturer's Technical Data," establishes a standard
for presentation of supporting data such as Illustrated Parts Catalogues,
Maintenance Manuals and Illustrated Tool and Equipment Manuals. Lacking
in the commercial environment is the preparation and continued revision
of a multitude of provisioning data elements which significantly com-
plicate Air Force procurement programs. AFAD-688 and its related Data
Item Descriptions have, in some instances, involved submittirg provision-
ing data in great detail, supported by complete drawing coverage of each
item of an assembly, even though procurement of the parts or spares was
neither recommended nor accomplished. Repeated submittals are generated
as a result of continuing design change action. During the early 1950's,
MCP 71-673 provided for Resident Provisioning Team (RPT ) activities in
behalf of the government within the contractor's facility. This was
more nearly akin to the commercial practices of providin a small group
of highly qualified provisioning specialists to make decisions and commit-
ments which result in the support posture desired. Some recent programs
appear to have abandoned the RPT in favor of the former practice
involving additional coordination and documentation. The airlines have
not yet economically justified this effort and therefore have not adopted
this military practice.
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Government regulations, which may restrict the Air Logistics Center's
mode of procurement, are not evident in the commercial environment.
Specifically, the need to compete the re-procurement of spares is not
a requirement. Again, the economic value has been weighed by the
airlines, and the costs of competing each procurement of replenishment
spare parts has not been economically justified. Some factors influenc-
ing this assessment are the cost of preparing and transmitting Requests
for Proposal; the cost of review and analysis of bids; the qualification
of unapproved sources; the increase in re-order lead times necessitating
increased stores investments; the voiding of commercial warranties due
to incorporation of bogus parts; procurement of equivalent assemblies
requiring different sets of maintenance/overhaul parts, manuals, test
equipment and training; and other very real costs attendant to this form

T of procurement. This does not imply that competition does not exist
for airline business, because it surely does, but the determination of
when to use the longer, more expensive forms of procurement is a
function of the comparative economic advantages rather than procurement
regulations.

The commercial programs do not usually require or assign identification
numbers equivalent to -e Federal Stock Number (FSN). Some operators
do assign their own pai number in order to simplify computer programming
and to standardize their inventory management procedures, but an analysis
of the item as accomplished by a Federal Standard 5 would only be

-J..entertained in the event the operator determined that generation of his
own "standard" would serve a useful purpose. It is believed that this

W. could be a consideration only on items with a high probability of
commonality to other aircraft in his fleet and would not be accomplishedI; on basic airframe components peculiar to a given prime contractor'sspecific aircraft model.

5. Manuals

Many differences and factors were cited by Logistics managers relative
to cost difference between contractor commercial and contractor military
technical manual programs. However, most of the military controls
stipulated in military specifications have been proven necessary, due
to the many contractors who may have less experienced technical manual
personnel and who are required to supply technical manuals to DoD. This
is another example where tailoring the requirements of the government
to the program and to the contractor can result in cost savings.

The military manual requirements reflect the military desire to achieve
an integrated system. Operations/Maintenance analyses, engineering
solutions, equipment (AGE) solutions, ECP proposals, and other AF
procurement, which are reflected in TOs, require much effort. Also
the system is iterative, which requires tracking changes to maintain
configuration.
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Commercial maintenance manual (MM) costs are lower due mostly to savings
in the quality assurance area. Table 12 shows which military TO

quality assurance requirements (flagged and underlined) are over and

TABLE 12. MILITARY TECHNICAL MANUAL QUALITY ASSURANCE

"Baseline" In-house Validation/
criteria I controls Rviews verification

Contract AFADS/1423s * Tech manual • In-house t>T000-5.1
* Mil specs/stds development Engineering * in~housa

controls I o
__AF regsAexhibits aA Production line,. A manual and
* Planning docts checklists Management EngineeringProgram plan Management * Air Force > Validation

Tech manual outlines * Configuration L>Pubs plan * Air Force

control >TO outlines [> Verification site
_ Configuration Engr. drawing/ >40% and 80 (Air Force base)

documbnts to configuration in-process > Test programs (IO1'&E)

relationship >PDR/CDR (OT&E)
ECPs >ErPrpub Deployments

FAC/PCA AFTO Form 22's

-> Not commercial ATA100 requirements.

above conmercial ATA-1O0 MM requirements and cause higher costs. Thus,
the commercial manpower level-of-effort per page ib considerably less
than a comparable new military TO page. On the T-43A program the use
of commercial format in the maintenance manuals saved approximately
$70,000 (66%). ATA commercial MM's maintain accuracy by the mechanized
assignment (configuration) and product controls which do basically the
same job with less data and effort. ATA-1O0 does not specify detailed

-;' QA "proofing" requirements as does the AF Technical Order Systems Quality
Assurance TO, 00-5-1 (AFSC Form W1's, AFTO Form 158's, In-Process
Reviews, V/V Plans, etc.). The verification part of TO 00-5-1 can be
a problem. On one derivative program, maintenance procedure verifica-
tion ties up the aircraft with shop support for six days.
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The premise that commercial aircraft MM's can be equated with military
organizational maintenance manuals on a page-per-page cost basis is
true for those manuals prepared in accordance with MIL-M-25098, Handbooks
Organizational (Flight Line) Maintenance Instructions (Aircraft). This
specification, similar in content to the ATA-1O0 MM specification, has
been dropped from the latest USAF MMOMP Spec List Exhibit, and its
successor, MIL-M-38800, Organization Maintenance (for Aircraft), cannot
be equated with the current ATA-1O0 Specification because of a completely
revised format and content. If manuals for derivative aircraft were
to be required in military specification format and content, compliance
with MIL-M-38800 would require a complete new writing. If MIL-M-25098
were still in effect, the commercial manuals would require much less
effort to convert. The difference between conercial and MIL-M-38800 manuals
is approximately eight times the size and four to five times the cost.
This is because MIL-M-38800 requires much greater detail for use by
3-level technicians.

Microfilm is used extensively in the commercial industry. Benefits
include decreased manpower for revisions, better accuracy in incorporating
the revisions, and minimal space requirements. Many studies have been
made by and for the government concerning the use of microfilm.
Improved reader/printers on the flightline could make military micro-
film usage in the field more practical.

The biggest potential for savings in technical manual development in a

large weapon system program lies in the Integrated Data Concept. Three
pages from the contractor-prepared Exhibit 437A-72-OOO/A for the Bare

p Base System 437A explain this concept and are included in Appendix K.
-.j One USAF program (F-15) is employing this concept but its experience

data is not available. Excessive duplication of operation and mainte-
A nance information development is being avoided.

6. Training

In general, training of airline maintenance personnel is accomplished
in much the same fashion as on military programs. Both customers send

- I their best and most experienced people for familiarization and systems-
oriented maintenance training at the contractor's facility. Once
trained, these personnel return to their organizations to train other
maintenance personnel. Normally, this training is formal classroom
type training, either at the home base or at a training facility.
However, since new commercial aircraft tend to represent smaller state-
of-the-art advances, the aircraft sub-systems and their maintenance
tend to be similar to that accomplished in the past. This fact,
coupled with higher airline retention of skilled personnel, permits
commercial maintenance training to be less formal than for comparable
military programs.



Commercial airlines are able to accomplish all maintenance training
using three or four basic courses, whereas the Air Force may have to
use 10 or 12 courses for the same areas. This results, primarily, from
the difference in the personnel classification systems. Each classifica-
tion requires a different course. Total content of both military and
commercial courses is the same. The adaptation of existing training
data has been in evidence in some derivative programs but absent in
others. The use of courses in the commercial f~rmat, but arranged into
the appropriate military skills, reduced training costs on the T-43A
program without degrading the quality of the training.

it The principal difference between military and commercial training
methods for flight crew members is the philosophy of teaching employed.
The military tends to continue with the concept that each crew member
requires detailed system information whereas commercial operators train
on the "need to know" basis. The new policy in the military incorporates
this philosophy although no programs are known to be using it at this
time.

The cost of training pilots is regarded as a non-productive item in the
airlines' budgets. Consequently, everything possible is done to reduce
flight training costs but still maintain pilot proficiency. Table 13
shows a comparison of current airline practice with that utilized by

TABLE 13. TRANSITION TRAINING - TRANSPORTS
~EXPERIENCED PILOT TO NEW AIRCkAFT TYPE

SiI I
T MAC AIRLINE

GROUND 160 HOURS 120 HOURS (1)
___ __ __ (1 MONTH)

V SIMULATOR 20 HOURS 17-20 HOURS

FLYING
LOCAL 40 HOURS (2) 0.5-2.0(3)

ROUTE 2-2014) 5-10 (r)

(1) Can be reduced by simulators, procedures trainers, audio/visual devices.

(2% Consists of 20 in left seat plus 20 as observer.

(3) Time is determined by what it takes pilot to make normal take-zff and landing,
engine-out take-off and landing and a missed approach.

(4) Consists of local check ride plus ACM duty on normal productive flight.

(5) Consists of two productive flights with IP in other seat.
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MAC, both assuming that qualified jet pilots are being checked out as
co-pilots (third officers) in new equipment. Since training flights
use fuel and parts non-productively and since accidents do occur during
this phase of operation, the actual flight time for airline pilot
upgrading and proficiency is reduced as much as possible.

In current conventional military flight training programs, presenta-
tions in the ground training school are oriented toward airplane systems
such as flight control, navigation and fuel, and instructions are given
in extreme detail. Although this method is considered to have merit
in terms of manual backup training for degraded system operations, it
imposes on the aircrew an unnecessary major transition from systems
knowledge to procedural actions as they progress toward simulator and
flight training. To overcome this shortcoming, a program was initiated
to study the feasibility of training entirely by procedural blocks
and providing, as required, some systems information as to "why's"
for each procedural step. This effort resulted in elimination of
irrelevant information, the improvement of training continuity and the
standardization of performance evaluation or terminal behavior of the
trainee. This method is called Specific Behavioral Objectives (SBO).
The SBO are a complete and detailed listing of the terminal behaviors

required for each member of the flight crew to accomplish all normal,
non-normal and emergency operational procedures and of the criteria
required for evaluation of performance. -

Military aircrew training could emphasize use of cockpit procedure
trainers and simulators to reduce flight hours and thus lower training
costs. The contractor training of about 25 percent of the airline

4) crews for the 747 aircraft tends to preclude tie-up of initial aircraft
deliveries for pilot training, as is the normal practice for military
aircraft. For example, typical planning for large military transport
programs require assignment of six aircraft for aircrew training
exclusively.

7. General

There is a difference in support provided to the military and commercial
customers. Generally speaking, commercial program contractors afford I
more product support to the customer than does a military program
contractor, probably because it is part of the prime system procurement
package. For this reason, the commercial customer will generally
expect and receive more assistance.

The outline beginning on page 72 lists the contractor's mainte-
nance, facilities, equipment, spares, and training activities supporting
a 737 purchase, similar for all commercial airplane purchases from the
contractor. These activities can be paced by the sequence of the
contract,.production, and delivery events listed in the left-hand columns.
The diary is intended to be general, and content, as well as the chrono-
logical order of activities, may vary to fit the individual Customer's
needs. -M
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The activities noted in the following pages take place after the customer
has made a decision. Prior to that time, the contractor makes available
every service to assist in performance evaluations, route analysis,
economic analysis, traffic analysis, and complete fleet planning services,
including consideration of aircraft already in service.

These services are or could be available to, and could be utilized by,
the government if the recommendation to have contractor participation
in the concept definition phase and on the review of RFPs is implemented.
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SECTION IV

FEASIBILITY STUDY

Task III of this study identifies those candidate commercial practicesi believed to be suitable for military use which were described in

Section III. In addition, where feasible, the significant differences
and cause factors for each practice are discussed along with the
practicality of applying each commercial practice to military derivative
programs.

The candidate commercial practices are presented for each of the major
program phases discussed in Task I.

A. Candidate practices for the Initial Planning phase

1. Consider contractor assistance in the preparation and review of
RFP's before issue. On a commercial program the RFP equivalent
appears to benefit from constant interface and iteration until
contract signature and go-ahead. This is also true for a military
program up to and including formulation of the formal RFP. Through
coordination with the various commands the RFP may have requirements
added to the work statement, to the boiler plate and to the data
requirements. Some of these requirements could include specifica-
tions, regulations and standards which impact the statement of work
and hence the program cost without commensurate program benefit.
When these requirements would result in impact to the coniercial
part of a derivative program, some of the cost may be avoided by
using practices and data already developed for the commercial
hardware. (Examples are provided in Section III and Section V.)
A review of the final RFP before official release by interested
contractors could point out areas where a specification or standard I
deletion, deviation or addition could more suitably tailor the
requirements to the program before official release of the RFP.
This review could also give the contractor more feedom to apply
his unique skill and experience to the propos? elements and may
result in a more responsible proposal and cost-effective product to
mreet the government requirement.

2. Establish increased emphasis on planning the program so as to
achieve the benefit of program stability in funding, schedule,
and work statement. In general, lower cost of derivative military
program procurement as compared to pure military procurement is
tied closely to achievement of program stability. It includes
planning for the utilization of established technology, wherever
possible, and planning for sufficient production to achieve learning
curve benefits and to amortize non-recurring costs. Instability
in any one of the three variables of funding, schedule and work
statement generally results in replanning effort for major elements
of the program. On a commercial program the technical effort may

| not require work statement changes as frequency as on military
programs. However, military programs are uniquely susceptible to
funding and hence program schedule instability. One undesirable
consequence of funding/schedule instability can be the need to
"open" and re-negotiate supplier contracts in an envirorxrent where
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the buyer has substantially less leverage than when the subcontracts

were initially negotiated. It may not be practical to implement

long term program funding, but it is a key to program stability,
steady progress and the eliiminatiorn of the replanning cost driver
which diverts resources away from those needed to obtain direct
program results.

3. Further reduce data submittal volume and optimize data delivery
timing. Commercial practice tends to minimize the volume of data
needed by the customer and the government for visibility. Further-
more, the required data is carefully time-phased with the particular
program work element phase. Replanning discussed above heavily
impacts the generation and delivery of the data the military customer
needs for visibility. Too much data may be required too early in
the program before the program elements have stabilized. Data

Hi may also be required on the co.miercial elements of a derivative
program which is significantly different than normally generated.
At one time, when concurrency was part of the DoD procurement
philosophy (Minuteman Program), it was expected that since "time"

was the driving factor and lead time needed to be severely reduced,
the additional cost for program, hardware and related data changes
would be acceptable to the nation. Some of the p' ,nning practices
and philosophy of that period may still impact the current philosophy
of lower life cycle cost and require data before a specific program
element has stabilized. On derivative programs careful initial
planning could allow for program element stability and greater use
of the commercially developed data.

B. Candidate Practices For Program Management
1. C.onsider the program involvement of fewer but more highly experienced

people. Efforts to tailor the RFP requirements; to achieve s-ability
in funding, schedule and work statement; to reduce data voiume and
timely data submittal to track the completion of the work task,
all these efforts, in aggregate could permit some t-eduction in
total program personnel. The system project office could consider
assigning some key personnel experienced in aircraft engineering
disciplines such as hydraulics, electrical, avionics, and
structures, on-site, to make technical decisions. This parallels the
commercial practice where the FAA actual% ;ei_ es selected on-
site contractor personnel within the prosam: tG certify that certainI
designs and tests meet FAA requirenents and Federal Air Regulations.

Ki; 2. Delegate more responsibility to the AFPR, particularly 'or rn ;tine

ana administrative items. The cprcial practice f a small on-
site group to make day-to-day decisions could shorten both the
ccordination time and data required. A suE..ary status of decisions
made could be communicated to the SPO rather than by correspondence
and data packages of decisions to be made.
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3. LimI flowdown of mil itary program managemnt and administration
t reqirements and specifications on derivative programs. The

co--mrercial practice of using well-developed business systems across
a wide range of products results in benefits from improved Skill
levels and the learning curve, and the integration of management
reporting loops and record systems. Elements of these practices
may be carried into military derivative programs with their exist-
ing benefit especially during RDT&E and the acquisition phases.

Advance review of the RFP accompanied by careful initial planning
cn identify those military requirerents and business system
elements which are muet by the existing commercial practices already
applied on the comnercial elements of a new derivative program.
This could allow avoidance of sore of the cost impact of changing
or adding to existing coninercial business systems and records to
implepent related military requirements.

4. Reduce change flow time. Con-ercial practices described in I
through 3 above and implemented to some degree, could help in

reducing change flow time. This might be especially true of a
co-ination of items 1 and 2 where a deputy program manager and a
small group of skilled technical personnel located with the AFPR
could quickly make decisions with a minimum of data on a specified
group or level of changes.

Conniercial practice indicates that significant reduction in change
flow time greatly aids program stability and reduces out-of-sequence

changes and their attendant higher cost.

Candidate Practices for Design Engineering

I. Consider shifting to greater use of "output" criteria validated by

test rather than "input and control" zriteria sapplemented with
"how to" requirements. The commrciai elements of military deriva-
tive programs tend to be developed with relatively broad requirements

and a mininum of detail requirements. This appears to be primarily
because the co-nercial customer tends tuo rely ore heavily on seller A
warri-v than on the inclusion of the detail design requirettents
and t - a control and feedback require-nts and data which provide
t '-he military customer with visibility-  For exai 1ple, the comercial
"AIC 413 require.ment for electriCai ec.uipment specifies voltage
supplied at terninals. While equivalent =litart- requirements do
the Mce, they also may control other e'wtrica: characteristics

H Ie-o., line drops), packaging, materials, parts, processes, testing,
.prouct assurance criteria and o t  

dr ia. necessary requie-ntS

to control the deveiopment of ,ew, h -h risk rai ita!r hardware.
However, on c.r.ercial equipment .eing pteoWte to military use,
Carefu review can limit the appication of "input." "controlV
ard "how to" requirements. It c '- t the data wt'ere the hard--I ware and its historical record indicates the "Outout" reeuile-ments

4 for the derivative application are being 9t.
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2. Increase the extent of tailoring of design requirements to the
program needs. In general, government and military requireents in
specifications, standards and regulations do not appear to be a
principle source of unnecessary cost for military procurements.
They are i.l;ortant for the achievnt of:

aI Exoerience Retention and Dissemination
o, Standardization of Hardware EoJipments Across Prorao s
c Standardization of Processes for C ality of

Mintenance and Repair

Consolidation of specifications appears to be desirable in those
areas wherein many specifications may exist to deal with part of a
More qene-al subject; such as, the separate standards and specifica-
tions on electromagnetic coatibility or in the proxhzct assurance
areas of reliability and maintainability. The study resources did
not lend themselves to a detail investigation of these areas
However, the study of the three derivative programs at the
contractor shows a hiqh degree of requiremnts specification
stailoring" to suit tie reeds of program. This tailoring is often
in the form of deviations incorporated into the basic contract
and/or in use or non-use of standard specifications It is the
concensus of qiestionnatre responders that it would be practical to
accomlish even more tailoring to -reduce costs, especially iery
early in the program, beginning with the REP before program ac-ahead
and carrying on with the initial planning phase. The sooner the
tailoriog takes place the -ore life cycle cost avoidance is
achieved.

Tailoring should be critically examined fur all derivative program
elements with the po5sible exception of mission peculiar equipmnt-
Occasionally, the tailoring may anpear to be . onsistent but there
is usually good reason for it. For exaple, or one derivative
program it was decided to change the commercial synthetic hydraulic
fluid, which was prieviocusly selected for its relatively high
resistance to fz.-e, to MIL-H-5606 type fluid. This same change
was not ride on other derivative programs which still use the
cc rcial fluid. This decision was jutfie on cormal ity of
logistics (DoD-wide supply and lesser cost of mil oil) and mainte-
nance (potential of cont=ination if comercial syst-m were serviced
with mil oil arni cost of flushing and of changing seals in all
c ets). and acre ~han offset the following:
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s Part number change for all hydraulic units impacting many
drawings and specifications

* Special handling procedures and test facilities at both
the contractor and supplier locations

* Increased part cost, since each part became one of a few
instead of one of many from a commercial production line

* Increased the risk of mixing seals and sub-system con-
tamination when airline industry support capabi'lity is
used

e Added overhaul data, AGE, training, initial provisioning
of overhaul parts and spares co the military pipeline

This example shows how important a specification deletion, or
tailoring, can be to the life cycle cost of a derivative aircraft
sub-system or equipment.

D. Candidate Practices for Manufacturing

1. Make maximum use of existing commercial fabrication and assembly,
quality control, purchasing specifications, processes, reco,..
and data, hardware, tools and skilled personnel on derivative
aircraft programs. The implementation of this practice begins
with RFP review and initial planning where the tailoring of mili-
tary requirements reduces the flow down to established contractor
and supplier operations. Avoiding control type "input" and "how
to" changes to established operations, when their output mee.s
program requirements, permits continued commercial program .tability
and maximum use of built-in capability without the added costs of
new records and data, and retraining personnel. Who-, changes are
required, a uniform application of these changes across the several

programs of a large contractor would help hold down cnst.

2. Strive for stability of manufacturing schedule and production
quantities. Stability of schedule permits orderly procurement
and flow of the program hardware into the end item and to the
customer. Learning curve benefits continue to accrue as production J
proceeds. Larger production quantities allow program unit costs
to benefit from the amortization of non-recurring cost.

E. Candidate practices for Testing

1. Integrate and use existinitestprocedures and data where possible. -

Wien it can be domonstrated that an existing equ'ipment is being
applied in essentially the same environment by mutual agreement
between contractor and Air Force, existing data can be used to
qualify the item by similarity. The Government-Industry Data
Exchange Program (GIDEP) is an excellent source of part/component/
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and material test data to aid this function. Need to know can be
obtained from the Air Force to acquire AFM 66-1 field expcrience
data on related equipment. This data can be processed to support
reliability and maintainability analysis which may replace or reduce
special R&M testing. Often testing costs for parts and components
can be reduced by using existing test data on several required
parameters and only testing the devices for the one or two para-
meters on which test data is not available. Test procedures for
components and parts as well as test equipment calibration pro-
cedures are also contained in the GIDEP data banks.

2. Obtain data needed for demonstration of reliability and maintain-
ability from the basic t program. Sometimes different type of

tests canbe combined to reduce cost. For example, some reliability
and maintainability testing might be integrated within the sub-

system acceptance test program at the supplier's facility and the
higher level integration ground and flight test program at the
prime contractor's facility. A few more operating hours may be
required in some cases, but in total, as in commercial practice,
cost can be reduced.

Here again a tailoring and integration of the requirements in the
test soecifications, standards and regulations can promote-Ii improved integration in the planning of the overall test program.
This should help in achieving confidence in meeting program require-
ments while holding down life cycle costs impacted by testing.

F. Candidate Practices for Operations and Support
1Ii . Expand the application of airline maintenance practice (MSG-2)

to all applicable programs. This technique for determining the
essential scheduled maintenance requirements for new aircraft has
been shown to be practical and effective for derivative programs.
The practice is being incorporated in MIL-M-5906D.

2. Make increased use of contractor support capability. This support
can include other on-base support functions as well as spare part
provisioning. A key to the implementation could be a single
contract with the aircraft prime contractor who, in turn, draws on
the entire commercial aviation industry for support. Early

I experience on derivative programs indicate the sooner this decision
is made, at RFP formulation or in the initial planning phase, the
more e.Fective are the trades that permit this practice to reduce
life cycle costs.

Relatively small derivative programs with equipment deployed around
the world present a unique challenge. Here (lose wrking relation-
ships with airline industry support capabilicy on a reciprocal
arrangement might help reduce life cycle ccsts in the Operations and
Support area.
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3. Make increased use of commercial handbooks, trainingand pares
provisioning practices. When contractor support is contracted,
this practice can be readily implemented. One of the stated reasons

Lfor rewriting commercial data and programs was to fit the different
backgrounds and skill levels of military personnel. Early deriva-
tive experience seems to indicate that this does not appear to be
a major problem.
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PRECEDIIN PAG:E BLAflC.NOT FIUME1D

SECTION V

T IMPACT ANALYSIS

Task V consists of analyzing the available data, relating to the
differences in military and commercial acquisition and support
practices, in terms of cost, flow time and resources, and of evaluating
the impact of commercial practices identified for application to
mi Ii tary programs.

The following paragraphs present the life cycle costs of a typical
program in which the commercial practices, modified commercial/
military (derivative/contractor support) practices and normal military

A practices are compared. Calendar flow time comparisons and resources
saving are also presented.

A. Life Cycle Costs

Following the introduction of the contract support concept by the Air
Force in 1967, a number of studies were conducted by the contractor to
determine the potential effect of this concept on several programs
which could involve derivative aircraft. One of the principal studies

- involved the Advanced Airborne Command Post (E-4A) and its life cycle
costs.

H! In the E-4A study, the acquisition costs considered three versions
of the 747 airplane, all in a similar configuration:

1) As it is being produced commercially,

2) As it is produced as a derivative (E-4A), and

3) As it would be produced if the military specifications
were required on the current commercial airplane.

At the time of the study, the acquisition cost of the command, control

and communication (C3 ) equipment was not available and consequently
was, and is not,included. Since this cost would be the same for all
versions, its omission is not considered to have a detrimental effect
on the analysis of the airplane life cycle costs which is the objective
of this part of the study.

The operations and support evaluation also did not .nclude the C3

equipment nor other constants such as crew pay, fuel and minor
variables, such as base support. Three concepts of support were
c;ns i dered:
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a) All Contractor Maintenance wherein the prime contractor would
perform all on-base maintenance and repair while overhaul was
accomplished through subcontracts with the airline industries
at their facilities. Since airline maintenance personnel
would probably be recruited to do the work, this concept is
considered equal to airline maintenance.

b) Contractor Support where the Air Force personnel man the
flight line and docks in a troubleshoot-remove and replace-
inspection practice. The contractor would provide the spares
and utilize the capability of the airlines to perform repair
and overhaul functions at their facilities. This is very
similar to the current E-4A procedure.

c) Normal Air Force Maintenance system of organizational,
immediate and depot levels attendant with the AGE, spares,
spare or overhaul parts and data.

The results of the study are shown in Figure 24. The combination of a
conmercial aircraft with airline maintenance is used as a relative life
cycle cost factor of 1.0. The current derivative program is compared to
that with a relative cost factor of 1.18 while the mil spec aircraft
with normal Air Force support has a relative cost factor of 2.56.

4 AIRPLANES - 10 YEARS
VARIABLE* COST ONLY

; 3 [2.55

SACQUISITION

K _>-'-; t OPERATIONS &

RELATIVEi~~j. COSTi
-I 1.18-- ;; 1.00

CON'L 747 DER 747 MIL SPEC 747

AIRLINE CONTRACTOR NORMAL AF
MAINT. SUPPORT NA!NT.

* DOES NOT CONSIDER C3 EQU:PMENT. CREW, FUEL. ETC.

Figure 24. Life Cycle Costs E-4A
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Existing programs, other studies of various seqments of the various
maintenance concepts applied to such programs, and other data from
contractor experience provide backup data to substantiate the E-4A
study cost savings shown. These data are presented beiow and include
(a)-use of contractor support, (b) engine savings, (c" cumulative program
costs, (d) flight test costs and (e) material costs.

The reduction in logistics costs on the T-43A is predicted to bp similar
to those of E-4A 747 study (utilizing contractor support). (See Figure
25.) After one and one-half years of operation, the portion based on
contractor support is proving the prediction.

10 YEARS I
200 USAF USAF00 MAINTENANCE MAINTENANCE

WITH

162 CONTRACTOR
LOGISTICS SUPPORTPOL (NOW IN USE)

MAINTENANICE
__CE _ 1113

100 DEPOT POL
MILLIONS_

Or BASE CONTRACTOR
DOLLARS SUPPORTN! _ so 5 SPAR ES

USAFINDIRECT MA!NTENANCE

COSTS !NDRECT= ° COSTS-#
-:._0I-. :

BASED ON: AFM 172-3 DATA -
I1': 19 AIRCRAFT
II 1035 HRS/AIRCRAFT/YEAR

---- Figure 25 T-43A 0&M Costs

Approximately 20- of the total program dollars over the first Aeromed
contract support years was dvoided initially because no funds were
required for initial spares and for AGE for shop and depot use as the
results of an AFLC study show in Figure 26. Additionally, the comparison
shows the longer the contract is in effect, the more the government
saves. Percentage-wise, the government saved 45' of a normal five-year

support cost.
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Figure 26. Aeromed Support Cost Comparison

The greatest potential of cost-saving in contractor logistics support
is the provision of spares by the contractor during the early years of

-, a program. Air Force and contractor statistics show that about 50' of
initial spares become obsolete or are never used. Beside the
obsolescence factor of parts, at least 50b of initial Federal Stock
Number (FSN) expense could also be avoided. The supply system savings
of contractor support also result from high volume of the commercial
system and from a shorter pipeline. The 10-year savings estimated for
the E-4A study were $84,910,000 for no FSN usage (per AFSCM/AFLCM
375-6, dated 20 May 1968) and S24,826,000 (49") for supply.

Two studies were made on this cost saving obtainablc from the supply
system: on the potential use of the 747 as a tanker, and for the
Utility Tactical Transport Aircraft System (UTTAS) helicopter.

8
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The 1970 study of a potential 747 tanker programn advanced the concept
of utilizing contractor support until each of five bases had receivedA
their complement of ten aircraft then transferring the accountability
of the spares at the time of delivery of the tenth aircraft (stocking
one base at a time). When all aircraft were delivered, the depotI
capability was transferred to the Air Force. This method was compared
to normal or all Air Force maintenance and COMBS (Contractor Operated
Main Base Supply as now used on the E-0A). The results are shown in
Figure 27.

SO UE
M~ HRFYAIAIICAFT

PAAX DELIVERY PAME 1IMONTH

AL I FOC

CO)
0 _ _ _ _ _ _ _ _ _ _ _ _

IR CE BU- RC

.. ;AI FREWIT C"OMTPIE

w t PLS CC~BCOST.

L INTA DEIVR FICA ARC 4TCOS I

AI.L

Figure 27. 747 Tanker Supply Costs

For the UTTAS program, the contractor discussed the potential use of a
contractor supply system whe'-ein the contractor would provide all spare
and repair parts requirements during the Pr-ototype, test and evaluation

phases. This would continue through the maturity phase and into the
production program until the customer expressed a desire to transfer the
support responsivility to his own conventional supply system. The pro-
posal indicated about 40% savings (Figure 28).
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Figure 28. Spares Investment - UTTAS

The E-4A study also provides data on the savings to be realized on

Smaitenance labor and AGE. Technical publications on a deriva-

Live pro.ar-a utilizing !nte;;ance atn.uas in co,,-,ercla] format afford I

0) cot savings of S24,376,0u0 (78t),since use of .co .%-al manuals permnits

the governaent to become one %f many customers instead of a unique one

and thereby able to enjoy a low unit price. The maintenance labor is
. c $ 0 . se the uret., n bers required under

he 8 . - - . ...helitary systemi more than" offset the higher cost o civilidn air-

CraTt aizntenacce sk i T The el iiinatimon of Aerospace Ground EJ-j,fim.nt
f' the shops and frm the -_2,i

-r;ings -n AGE costs.

vne contractor'S experience in maintaini.g governmeit fa. ilities p'-ints

to the potential reduction of base suppolrt personnel osts by 1 1t ;ia-

:Ion contractor support. The yearly t- of the avera;Ge ski I

-- hl; a support group nua favors ?fle raator. Figure 29 shows

u -rent costs of an [-5, both within he Continentdl U;ited States and

and a GS-6 clvii service and c.pares :nem with

fllUractor em.p.loyee costs at Kennedy Swace Center. U-astow AFB, and u
overseas baes in England and Spain J' , l c s m oI

:,(I trAn.r..tio squadron. The reductio, a'. nnel of n results
A frm h-e. deletion of ,iiita'y duties -. . and to wo-k .. provement

I- "2-S-._30' , ;,,, to less pai t-ainir.t --.,.t.kill capabiity personne:
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Figure 29- Con-tractor Support -Base Squtadrons

longevity and profit notivation. This type of contractor support for
base functions was studied for its potental use at a uissile base and
at a transport aircraft base. The savings per year in personnel costs
were $11,000,000 at the missile base a;nd 90,000,00 at the aircrcft
base.

The T-43A logistics support program included a special feature which
is resulting in a great savings to the Air Force. -nstead of us Ug the
traditional jet engine philosophy of hot section insmption and over-
haul, an engine IRAN type proaram cailed Engine Veia" "ainzenace .EH 1AI
was included and accepted in the Contractor Support Arcage. Not only
will there be a monetary savings to the Air Force, as Showr in Table 14.
but the 19-aircraft fleet is being supported with only four spare engines.
Traditionally, the spare engine ratio has been one for every four
installed.
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I

00=



TABLE 14. ENGINE SCHEDULED MAINTENANCE

Cuistomer Element Interva

C-9A (Standard military) Hot section inspection 200 E HI

Overhaul 5'000 EHi

T-4,'A (Typical commercial) Eniginc heavy mainten-ance 8000 Ell -

T-4-13A Savines: 76 Engine changes
(pcr SOGO ElH cycle) S7.4%&j6.000j

Another conmercial airline Practice, called engine derating, has been
approved for use on the T-43A programs to reduce failures and removals.
This practice aflows a reduction in take-off thrust on occasions when
conditions ofl weight, temperature and runway length permiit. (The
reduction in peak engine temiperature improves engine life.)1 Approxi-
mately O falaiindeatrsare now at reduced thrust. The

-sunarmry of these benefits is shown in Table 15.

TABLE 15. Eh^"-NE DERATING

Procedure: Reduce takcoff thnst 517c

Resvzit: % Down

Premature remova! rate 50

lnfl.ght s. uttjown tra-c 39

Fuel ex rcntUitw~e 5

Lng'inc inuainte.!ance mzatcrial 2

-fi
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One research effort by the contractor for an effective analytical model
to determine costs of a co..-!ercial aircraft program with many variables
began with the basic elemients of number of customers, schedule and
quantity of design changes. The results of one initial study show the
difference between the cost of a typical cotercial aircraft program
wth nany customers, tight schedules and many changes and the cost of
'an ideal program with a single customer, opti mui schedule, half the
normal changes and a design with fewer part numbers (Figure 30). While
these cases are hypothetical examiiples for illustrative purposes, there
is nothing imaginary about the cost differences. The factors moving
these costs have no relation to product quality or perforn-nance objectives.
The cocclusions from these data are that stability cf planning of the
tota program is the key to cost effectiveness and the program manager
mst have the experience, authority, and resources to make the proper
trades for life cycle cost early in the preliminary design phase.

100

80

RELATIVE 60 1

o- -

COST

PER CEN~aT ~'ZD

20!t

0

Figure 30. C-ulative Proqram Costs
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The cost of comp ying with AFR 55-22, "Contractor's Flight Operations,"
__ is shown in Figure 31. None of the requirements listed in this regula-

tion is judged to add to the safety or efficiency with which a flight
test progrw'm is conducted by the contractor 43n derivative aircraftsince the contractor is flying the sa. basic aircraft every day. -

I

I PREVIOUS COMMERCiAL EXP
T DELIVERIESTECHNICALc INITIAL TOTAL

ADDITIOOALL
707 i 198 W5ADDITIONAL 737 196 365

I ' I - K

DOLLA. 747 19- 2-n

E-3A RAN T-43A E-4A
TANKER

$533.530 idd:fioal cot on four contr ct of Otobe 1974

* E ~m cs n 0 AFCID form 24
*=hitu trzinin; * -1qi~in4

*FIcHot giysieais

Figure 31. Flight Test Costs - AFR 55-22

Part procurement is another area for potential cost avoidance. The
cost increases. Dercentage-wise, in th- prices, of parts of military
program are estimated tc be:

t *- -,u, due to srall quantities
50 to IOOXJ when "Hi-Rel parts control is required
15t or wre due to special testino and verification rep.uire-
-- nts.

The portion of the cost of a coerciai part -due to a Warranty program
is 2%-; however, this is spread over a grea-ter production a uantity,
with the seller's knowledye that he will sell spares at a figure higher
than the production unit price. wnich is cansidered as a manufacturer t s
discount. (---n practice in conercial wield. but not allowable

-by the govem.-nt.i
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r-i-Psac in n - a neprae ou Azrospace Vehiles

~n Related Suprjort Equime-t, consmd 153 saentours to evaluate all U
vie dat-a contained or refrna-~ therein. Gire of the sub-tierJlI-T-Sand Rabove wu' i Cvi ance-

-SD1 s~ ~e inh:peciife

hnis stand-r would have res-lted i~n the ependit re of S5OOj,O~3

.r OI iowifrig paragraphs f-ant. on 1aedrflvt-difrne

Detween military- and -cer t practices encn-h Could fe id iied
fothavilanle- data- nte len-gth of a pooram depends on many

variables and flow ca;-used by each is d-eendent upon the- circuimstances
exs oa- the time of protram inception- CEmerernd riftt~~

rrwettOf end! tD9etS wU. shzarten or lIengthen the conceptual and
I va~datofl hase of oth taryand ccmerciai aircraftpr r.

$ Te flowtime for the desgn anii fabrication 'aases o- bcth military
ane d conercia' programS Is essentially the sm for equivalent aircratt s.

Unles pella deig r'ems appear dur-ino testing, the time f ris
first flight is es sertially hea.1hidtassowfbr
ai-t tr rcraf in I 6 ased ore sthi aaidson o

comercial ai rcraf t, .-. re prelimi n ary desiosn studies and wind tuene.
testina are c on s idered cot"nti u irxg research effcrts f r- the time ofu
tne last production aircraft, the prods= ' definition unse would beiji
f Iteen imanthIs -be fore go0-ahead, the .na 1 dsenadfbiato ol
taxke 3D mo nt&h s to ro 1st with f irs t !ic t three nmm later.ThI
flight test progr-az to certi- ficatiox r-j -be less than one -tear.

MONTHS

- Go-abed ! Aoumt Fim aft
* to j to - tddfiviyo at

Model l rofloct fi ft uao

9-47- 1 3 13

B-52 -1 510u

337-301 222

707 425 j 110

720 -17r2 1 27 3 10

7327 24 C

747 3-5 - -

930



Tne major variance between military and commercial program flowtimes
is in the flight test phase, other things being equal. Up to one-third

less flowtimie for the commercial program is typical. As discussed in

Section III, causes for the difference appears to be in flight crew rest

periods and a somewhat more inflexibility in test change approval. The

flovtimes for the comparison of military and commercial versions of the

737 are shown in Figures 32 and 33.

FLT. CAT. CAT.
SMONTHS 

MS

NO. I PRELI'INARY EVALUATION. V"NTH- ! ! HSI-FLUTTER. PPO0 ULS!ON. 200 ,I II, • .. h.II FOLLWON"1 41 , 111i- iI •, 20T 115"

PERFOPIANCE. M;SC. - i 1 I2

NO. 2 STABILITY & CONTROL, I •

PERFORMANCE. STRUCTURAL I 8I'IIIlI I10AT.J1_
DEMIONSTRATION. SYSTEMS, I IIFii itAi.... 6 0
MISC I H

I REFUR.'SH

NO. 3 SYSTEMS. ACOVSIICS. - =- ..... I I ,' | ,i|I' 155 95
MISC. 

C ill 155 5 I

NO 4 SYSTEMS INTEGRATION & CAT. 111 190
MAINTAINABILITY 1  i i ', , , I 19

NO. 5 ACCELERATED SERVICE ,F0 . . .. ,'- CAT 117!0
TESTING * I] .Ih EGLIN A13 WRIGHT-PATTERSON

I j ! JAr' ALASKA EDWARDS AFa

NO 6 ALL WEATHER I'" , Ir I '-
TOTALS 535 13rE5

NO 7 AND SUBSEQUENT jijI TO CAT III 1815
. _J

Figure 32. 737-100 Military Test Program
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HOURS

OEStGN FAA

PROVING & CERTIFICA-
DEVt.Op- TION
M ENT & DEMONSTRA- TRAINING &

MISC TION CUSTOMER TOTAL

1 2 3 4_ 516781' MENI

-1 11!11 3
NO. illil 7 90 2S4

NO 2 
91__09 

200

fOEI 'G PILOT TRAINING Soo

(NO. 
16)

NP IU.. MN 400
jRAINING & II

NP- CUSTOvER PROVIN IO-"-
$22 409 1700

Figure 33. 737-100 Convnercial Test Program

C. RESOURCES

The following paragraphs comment 
on those savings in resources between

military and commercial practices 
whiLh could be identified from the

data analyzed.

Finance managers indicated a requirement 
for three times the number of

estimators on military programs to 
comply with DoDI 7000.2 than are 

on

commercial programs. Some project engineers on de.ivative programs

indicated that 6. of their manpower 
budget goes to monitoring contract

-4 changes. On one derivative program with minimum derivation 
(Peace

Station), one engincer handled the administrative 
job on a part time

basis and had less than a file drawer 
of data. The T-43A program with

a larger integration job had four 
personnel including a supervisor, a

large office add many files and 
bookcases. The ratio in number of

personnel required to respond to 
a typical equivalent military and

comiercial RFP is estimated to be approximately six to one.

9!
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The non-recurring portion of life cycle costs (RDT&E) is essentially
the same on both military and coumercial programs, 60,-80 of total
RDT&E costs, according to available data. The production labor on a
com :ercial program will run less than 50' of the cost. Estimated data
for a similar military program shows ldbor to be 55 -75 of the cost.
The Operations and Support (O&S) personnel portion of life cycle costs
of the E-4A study, where the on-base maintenance personnel went f-om
239 for all Air Force to 199 for contractor support to 107 for airline
type maintenance, is an example of resource reduction.

D. SUMT.Aa,

It was difficult to pinpoint savings, based on the data available for
the study, in such a manner that the cost differences in each practice
for eaich major program phase could be carefully quantified and validated.
Some of the findings, when viewed from the standpoint of cost savings,
werE relatively insignificant (0.1') when compared to total program
cost. Mdny of the findings involve a series relationship in that for a
program life cycle cost saving to be realized, the chain of elements
leading to this saving must remain intact from program inception to
phase out. However, in aggregate the findings appear to point out
areas of potential cost avoidance and therefore, were included in the
study.
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SECTION VI

RECOMMENDAT IONS

A. GENERAL

This section of the report presents recomnendations resulting from this
study. These recommendations are grouped by program function.

B. INITIAL PLANNING

1. Review the Request For Proposal (RFP) to limit data requirements to
"need-to-know" type only.

2. Eliminate "how-to-do-it" specifications, e.g., soldering process,
from the RFP requirements on major aircraft contractors.

3. Reduce the data submittal volume and optimize data delivery timing.

4. Revise acquisition practices to permit free exchange between
contractor and SPO without jeorardizing contractor's competitive
position as is done on all comercial programs and as was done on
the E-3A avionics competition.

5. Request contractor review of each RFP before its formal release to
improve design and cost predictions. Pay him or consider it part
of his response.

6. Continue to move toward lower technical cost (design-to-cost).

7. Strive to achieve the benefit of program stability in funding,
schedule and work staterent.

C. PROGRAM MANAGEMENT

1. Reduce data requirements by reducing the number of data specifica-
tions or waiving the parts of other type specifications which
require data submittal.

2. Consider locating some key SPO personnel with the contractor to
promote improved coordination.

3. As an alternate to No. 1, consider delegating -ore decision
responsibilities to the Air Force Plant Representative's Office.

4. Implement derivative program management and adm;nistrative require-
ments by beginning with the contractor's specifications and Federal
Pir Regulatios (FARs), then lit.it the app!ication and flowdown of
additional military requirements to areas of genuine need.

5. ImplemeiLc the FAA DER/DMIR type practice on a military aircraft
program.

6. Reduce change flow time by implementing recommendations 2 (or 3),
4 and 5.
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D. DESIGN_ ENGINEERING"

1. Specify output criteria and requirements rather than "input and

control" requirements and "how to" solutions as much as possible
Use co;-Iiercial specifications and/or Federal Air Regulations when
available and s~itable.

2. Increase the tailoring of design and product assurance requirements
to fit program needs.

3. Review the genuine need for specifications recognizing that stringent
co(p|pliancP can be as costly as justifying a deviation. e.g., the

transient voltages defined by MIL-STD-704. Require compliance Dy
specif;cation and paragraph number, not by specification, only,
or include the specific requirement as part of the system require-
ments without reference to a specification.

F. MANUF ratT UR6

1. Make maxim'u; use of the contractor's process and materials specifi-

cations, records and data, tools and skilled personnel on derivdtive
programs where investigation shows they are adequate.

2. Minimize requirements for the use of military specification zirra t
comnponents on deri-ati-e aircraft unless they are required to be
different/better than equivalent components currently used in
commercial aircraft programs.

5. Consider deleting the requirement for AFSCR/AFLCR 66-24, "Mairte-
nance of Aerospace Vehicles and Related Support Equipment," on
derivative programs.

6. Strive to reduce out-of-sequence work by improved flowtime on
changes required for the program.

F. TESTING

I. Review Categories 1, II and III flight test requirements on deriva-

tive programs relative to existing commercial (FAR) test procedures

to use existing contractor procedures or form new integrated test

and evaluation procedures. This would permit tailoring requirements
to each program and allow maximum use of existina test procedut-es

o and data.

2. Delete the requirement for AFR 55-22, "Contractor's Flight Oper,-tions,"
or, derivative programs.

3. Delegate flight test personnel change authority to on-duty personnel.

4. Delete requirements for testing by utilizing data from previous
: tests or similar tests, particularly on derivative programs. The

Government-Industry Data Exchange Program (GIDEP) can provide useful
data.
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5. Delete requireietit for 24-hour flight crew rest for both military
and contractor crews on derivative aircraft flight test programs.

6. Obtdin data needed for demonstration of reliability and maintain-
ability from the Dasic test program; i.e., do not contractually
specify separate/independent reliability ad maintainability tests
and/or demonstrations-

G. OPERATIONS AND SUPPORT

1. Expand the dpplication of airline m3intenance practice as described
in the "Airline Manufacturer Maintenance Program Planning Document,
1-SG-2 .'

2. Devise contracting techniques which will allow the Air Force to
take advantage of industrial support capability when such support
is cost-effective.

3. Use contractor support on all programs where cost-eff-tive-

4. Co~sider joining airline consortiums and pools as appropriate to
obtain world-wide spares support at minimum investment.

5. Make increased use -f commercial publications, training and spares
provisioning practices and products where appropriate. Add military
requirements only on selected unique equipment and/or where the
commercial data is determined to be inadequate to satisfy system
requirements.

6. Evaluate the true total cost of competitive procurement of replenish-
ment spares for real "savings" generated, and limit this practice
to cost-effective procurements.

7. Explore the use of alternate/advanced data systems for operations
and maintenance manuals.

8. Delay the requirement for manual and training data until after CDR.

9. Develop a flight-line/overhaul maintenance manual specification
relative to the use of ATA commercial -manuals in military programs.
Review s:.ould be -made of the T-43A, VC-137C, E-4A and other military
programs where commercial ATA 100 organization maintenance and
overhaul technical manuals are being currently employed. (These
are usually supplemented by military urique T.O.'s such as the
flight, inspection or other military oriented non-available
commercial manuals., The current technical manual specification
MIL-M-7298C is inadequate for this apolication.
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1.0 General -hers/Articles *

A- "iteurated s Test and Evaluation Program (IN-STEP)
and e-t. Co-iares development test-programs for military
and co rcial trarsport airplanes. Rough draft copy.
Kay 1972.

A esig-to-Lost, Coaercial Practices Vs. Dept. of Defense
ta-rtice By J. Fred Bucy, Texas Instrumzent Corp.. Report

of the Y -Fense Science Board Task Force -on Reducing Costs
of De.ense ;ysts Acquisition. ODDk&E, Ma-ch 15, 1973.

A-3 6-7Z-i - t73, Military Derivatives Program, Test Program
on.arison," by D. M. Longton and G. J. Baron, New Businesi

Support Unit. Flight Test Engineering, Oct. 17, 1966.

A-% "A Quantitative ExLaination of Cost-Quantity Relationships,
ro, etition During Reprocurement, and Military Versus
Commercial Prices for Three Types of Vehicles," by M. Zusman.
et a!, Institute for Defense Analysis (IDA Study S-429),
March 1974.

A-S Desiqr-to-Cost, for Defense, Not Just a Buzz Word," by
L Gen. R. E Coffin, Deputy Director, Defense Research
and Engineering (for Acquisition Management), Dec. 1973.

"New Ways to Spell 'Contract Mismanagement,' Industry
Overhead and Subcontracts," by Maj. Gen. D. G. Nunn,
A. F. Contract Management Division Comnander, Dec. 1973.

"Tough. Economy Minded Efficiency," by A. F. Chief of

Staff George Brown, Dec. 1973.

A-6 "Criteria for Evaluating Weapon System Reliability, Avail-
anility and Cost," Task 73-il, Logistics Management
Institute, March 1974.

A-7 "Design to a Cost: A Samplinq of Extent of Implementation,"

by R. L. Bidwell, Defense Product Engineering Services
Office, OASD (I&L>, April 1974.

A-S "Introduction to Military Program Management," Task 69-28,
Logistics Management Institute, March 1971.

A-9 "Cost Versus lime," paper dated July 1969.

A-lO Boeing Corporate ?olicy ilCI - "Planning and Control of

Major Programs," dated Dec. 17, 1968.
* ithough this report is based on Boeing experiene, a number of papers by others

le -are of interest relative to evaluation of commercial versus military practice. The
following index includes both Boeing and non-Boeing naterial for reference.
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1.0 General -Papers/Articles

A-11 Planned Technical and Program, Docu;entation Completed at
Program Go/Ahead {Exciusive of Joint Venture Agreetnfl.
no date.

A-12 Coordination Sheet 71610-74-40, "Cost of Ownership, KC-135
Propulsion System," dated June 11, 19714

A-13 B-1 Avionics Requirements, pages from SS07878139A0100.
dated May 31. 1972. Lists government docur-ents and
North American Rockwell Corporation specifications foro the 6-I Bomber-

A-14 B-I Flow Ctart - includes system definition, design
discipline, interface, software and through integration
test, dated 5-30-74.

A-15 BCAC Policy 6-1000-040, Product Technical Definition,
dated August 30, 1968.

A-16 Defense Management Journal - Design-to-Cost, Special
I;sue Septener 1974.

A-17 MSG-2, Airline/Manufacturer Maintenance Program Planning
Document.

LC-30 "Cost-Estimating Relationships for Aircraft Airframes,"
by G. S. Levenson and S. M. Barro, Rand Corp. (RM-4845-PR).
Covers engineering, manufacturing, and flight test cost
elements of airframe 'flyaway costs.'

RM-4049-PR "Trends in Aircraft Maintenance Requirements," by W. H.
McGlothlin and T. S. Donaldson, Rand Corp., June 1964.

Y-2Z44 "Design to Cost Application in Military Environment Means
Changing Old Ways," by M. F. W;Ison, Collins Radio Co..
June 1973.

Y-2269 "Acquisition Objective Changes from One of Sophistication
to Reliability at Lower Cost," by J S. Gansler, Assistant
Director (Electronics) ODDR&E, June 1973.

Y-2270 "Design to Cost: Concept and Application," by Cdr. F. H.
Hollister, USN and R. R. Shorey, Office of the Assistant
Director (Electronics) ODDR&E, July 1973.
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4.0 Military Publications

(Selected from Boeing Programs)

AFR 800-2 Program Management - Acquisition Management.

AFR 800-11 Life Cycle Costing (LCC).

AFLCP/AFSCP
800-19 Joint Design-to-Cost Guide.

DoD Directive
5000.1 Acquisition of Major Defense System.

MIL-STD-143B Standards and Specifications, Order of Precedence For the
Selection of.

MIL-STD-483 C3nfiguration Management Practices.

MIL-STD-499A Engineering Management,

MTL-STD-847A Format Requirements for Scientific and Technical Reports
prepared by or for the Dept. of Defense.

MIL-HDBK-127 Reliability Stress and Failure Rate Data for Electronic
Equipment.

MIL-STD-781 Reliability Tests: Exponential Distribution.

MIL-STD-785 Reliability Program for Systems and Equipment Development
and Production.

MIL-A-8866 Airplane Strength and Rigidity -- Reliability Requirements,
Repeated Loads, and Fatigue.

AFR 80-5 Reliability and Maintainability Programs for System,
Subsystem, Equipment and Munitions - R&D.

AFSC/AFL.C
Reg. 66-24 Maintenance of Aerospace Vehicles and Related Support Equipment.

DH 1-9 Maintainability.

MIL-HDBK-472 Maintainability Prediction.

MIL-STD-470 Maintainability Program Requirements (for Systems and
Equipments).

MIL-STD-471 Maintainability Verification/Demonstration/Evaluation.

DH 1-6 System Safety.

MIL-STD-882 System Safety Program for Systems and Associated Subsystems
and Equipment.
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4.0 Military Publications

(continued)

DH 1-3 Personnel Subsystems.

MIL-STD-1472 Human Engineering Design Criteria for Military Systems,
Equipment and Facilities.

MIL-D-26239 Data, Qualitative and Quantitative Personnel Requirements
Information.

MIL-V-38352 Value Engineering Program Requirements.

DH 1-1 General Index and Reference.

MIL-F-8785 Flying Qualities of Piloted Airplanes.

DH 1-2 General Design Factors.

DH l-X Checklist of General Design Criteria

DH 2-7 System Survivability (Classified).

DH 2-8 Life Support.

DH 2-1 Airframe.

MIL-A-8860 Airplane Strength and Rigidity, General Specification for.

MIL-A-8861 Airplane Strength and Rigidity, Flight Loads.

MIL-C-8073 Core Material, Plastic Honeycomb, Laminated Glass Fabric
Base, for Aircraft Structural Applications.

MIL-R-7705 Radomes, General Specification for.

MIL-C-5462 Cover; Wing and Tall, Aircraft, General Specification for.

MIL-S-8806 Sound Pressure Levels in Aircraft, General Specification for.

MIL-A-9094 Arrester, Lightning, General Specification for Design of.

MIL-D-9129 Dischargers, Aircraft Electrostatic, General Specification for.

DH 2-2 Crew Stations and Passenger Accommodations.

MIL-STD-203 Aircrew Station Controls and Display Fixed Wing Aircraft.

MIL-STD-1333 Aircrew Station Geometry for Military Aircraft.

108



4.0 Military Publications

(continued)

MIL-K-25049 Knobs, Control, Equipment, Aircraft.

MIL-STD-850 Aircrew Station Vision Requirements for Military Aircraft.

MIL-W-7233 Windshield Wiper System, Electric, Aircraft General

Requirements for.

MIL-R-83055 Rain Repellent Dispensing Systems Aircraft Windshield,
General Specification for.

MIL-STD-1511 Inflight Emergency Escape System, Aircraft, Requirements for.

MIL-S-9479 Seat System: Upward Ejection, Aircraft, General Specification for.

MIL-S-18471 System, Aircrew Automated Escape, Ejection Seat Type, General
Specification for.

MIL-S-83249 Slide, Escape, Aircraft, Inflatable, General Specification for.

MIL-S-81018 Survival Kit Container, Aircraft Seat, with Oxygen, General
Specification for.

MIL-S-81040 Survival Kit Container, Aircraft Seat, Without Oxygen,
General Specification for.

MIL-C-25913 Cartridge Actuated Devices, Aircraft Crew Emergency Escape,
General Specification for.

MIL-S-38039 Systems, Illuminated, Warning, Caution and Advisory, General
Specification for.

MIL-G-83063 Galley, Aircraft, General Requirements for.

MIL-A-8862 Airplane Strength and Rigidity, Landplane Landing and Ground
Handling Loads.

MIL-L-8552 Landing Gear, Aircraft Shock Absorber (Air-Oil Type).

MIL-S-8812 Steering System; Aircraft, General Requirements for.

MIL-W-5013 Wheel and Brake Assemblies, Aircraft.

MIL-B-8584 Brake Systems, Wheel, Aircraft, Design of.

MIL-B-3075 Brake Control Systems, Anti-Skid, Aircraft Wheels, General
Specification for.

MIL-A-8591 Airborne Scores and Associated Suspension Equipment; General
Design Criteria for.
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4.0 Military Publications

(continued)

DH 2-3 Propulsion and Power.

MIL-STD-1534 Engines, Aircraft, Gas Turbine, Technical Design Requirements.

MIL-E-5007 Engines, Aircraft, Turbojet and Turbofan, General Specification
for.

MIL-S-38399 Starter, Pneumatic, Aircraft Engine, General Specification for.

MIL-S-27266 Starter, Engine, Cartridge and Pneumatic Shaft Drive, General
Specification for.

MIL-P-8686 Power Units; Aircraft Auxiliary, Gas-Turbine-Type, General
Specification for.

MIL-D-7602 Drive, Turbine, Air, Aircraft Accessory, General Specification

for.

MIL-G-6641 Gearbox, Aircraft Accessory Drive, General Specification for.

MIL-D-27729 Detecting Systems; Flame and Smoke, Aircraft and Aerospace
Vehicle, General Performance, Installation and Test of.

MIL-F-7872 Fire and Overheat .4rning Systems, Continuous, Aircraft:
Test and Installation of.

MIL-C-8188 Corrosion Preventive Oil, Gas Turbine Engine, Aircraft
Synthetic Base.

MIL-F-38363 Fuel System, Aircraft, General Specification for.

MIL-F-8615 Fipl System Components; General Specification for.

MIL-T-18847 Tank, Fuel, Aircraft, Auxiliary External, Design and Tnst&-.a-
tion of.

MIL-F-9490 Fliqht Control Systems-Design, Installation, and Test of,
Piloted Aircraft, General Specification for.

i MIL-A-8064 Actuators and Actuating Systems; 4ircraft, Electromechanical, I
General Requirement for.

MIL-H-5440 Hvdrauiic Systems, Aircraft, Types I and IT, Design and
Installation Requirements for.

MIL-H-8890 Hydraulic Components, Type Il, -650 to +4500, General
Specification for.
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4.0 Military Publications

(continued)

MIL-H-8775 Hydraulic System Components, Airzraft and Missiles, General
Specification.

MIL-C-5503 Cylinders, Aeronautical, Hydraulc Actuating, General Require-
ments for.

MIL-I-5997 Instruments and Instrument Panels, Aircraft, Installation of.

MIL-I-18997 Indicator, Pressure, Panel Mounted or Case Supported, General
Specification for

MIL-I-7062 Indicators, Position, Control Surfaces, 28 Volt DC, General

Specification for,

MIL-G-8402 Gages, Pressure, Dial Indicating, General Specification for,

MIL-G-7940 Gages, Liquid Quantity, Capacitor Type, Installation and
Calibration of.,

MIL-I-?7544 Indicator, Liquid Oxygen Quantity.

MIL-P-26292 Pitot and Static Pressure Systems, Installation and Inspection of,

MIL-E-25A99 Electrical Systems, Aircraft, Design and Installation of,
General Specification for.

MIL-E-7080 Electric Equipment; Aircraft, Selection and Installation of.

MIL-G-21480 Generator System, Single Generator. Constant Frequency Alternating
Current, Aircraft, Class C, General Specification for.

MIL-E-23001 Electric Generating System, Variable Speed Constant Frequency,
Aircraft, General Specification for.

MIL-P-26517 Power Supply, Transformer-Rectifier, Aircraft, General

Specification for.

MIL-I-27273 Inverter, Power, Static, General Specification for.

MIL-I-7032 Inverter, Aircraft, General Specification for.

MIL-W-5088 Wiring, Aircraft, Selection and Installation of.I.
MIL-C-55021 Cable, Twisted Pairs and Triples, Interval Hookup, General

Specification for.
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4.0 Military Publications

(continued)

MIL-L-27160 Lighting, Instrument, Integral, White, General Specification for.,

MIL-L-25467 Lighting, Integral, Aircraft Instrument, General Specification for.

MIL-L-6503 Lighting Equipment, Aircraft, General Specification for
Installation of.

MIL-C-25050 Colors, Aeronautical Lights and Lighting Equipment, General
Requirements for.

MIL-S-8805 Switches and Switch Assemblies, Sensitive and Push, Snap
Action, General Specification for.

MIL-B-83769 Batteries, Storage Lead Acid, General Specification for.

MIL-E-5400 Electronic Equipment, Airborne, Geneval Specification for

MIL-I-8700 Installation and Test of Electronic Equipment in Aircraft,
General Specification for.

MIL-STD-188 Military Communications System.

MIL-HDBK-2:6 RF Transmission Lines and Fittings.

DH 1-4 Electromagnetic Compatibility.

MIL-STD-461 Electromagnetic Interference Characteristics Requirements
for Equipment.

MIL-STD-469 Radar Engineering Design Requirements, Electromagnetic
Compatibility.

MIL-E-3845- Environmental Control, Environmental Protection, and Engine
Bleed Air Systems, Aircraft, General Specificdtion for.

MIL-A-83116 Air Conditioning Subsystems, Air Cycle, Aircraft and Aircraft-
Launched Missiles, General Specification for.

MIL-A-38339 Air Conditioners, Lightweight, Compact, Military, General
Requirements for.

MIL-P-5518 Pneumatic Systems, Aircraft; Design Installation, and Data
Requirements for.

MIL-P-8564 Pneumatic System Components, Aeronautical, General Specification
for.
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4.0 Military Publications

(continued)

MIL-D-8804 De-Icing Pneumatic Boot, Aircraft, General Specification for.

MIL-A-9482 Anti-Icing Equipment for Aircraft, Heated Surface Type,
General Specification for.

MIL-D-19326 Design and Installation of Liquid Oxygen Systems in Aircraft,
General Specification for.

MIL-D-8683 Design and Installation of Gaseous Oxygen Systems in Aircraft,
General Specification for.

MIL-R-83178 Regulators, Oxygen, Diluter-Demand, Automatic Pressure-
Breathing, General Specification for.

MIL-0-27335 Oxygen Systems, Survival Container Oxygen Kit, General
Specification for.
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APPENDIX BI

COMPARISON OF SPECIFICATIONS, MILITARY TO COMMERCIAL
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APPENEIX C

INITIAL QUESTIONNAIRE

(with summarized answers)
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19 Au.-ust 1974
2-50004/'C-00I

To: See Attached List

Subject: Evaluation of Military and Commercial Airplane
Practices

The Boeing Co:,pany is parforming a study 'or the Air Force to
compare commercial and military practices on airplane prograns
so that military program management and procurement may benefit

W from cost saving/cost reduction techniques proven on commercial
programs. Boeing was selected for the study because of its
vast experience in both areas.

Questionnaires are being prepared and sent to those with ex-
perience in both types of programs to cover the disciplines of
planning, management, design, manufacturing, test and support.
The questionnaires are designed to pinpoint areas of major
difference so that follow-on evaluation can be concentrated
where it will have the potential of doing the most good.

Each participant is requested to provide a candid answer and
return the questionnaire as soon as possible but riot later than
30 August 1974. Any questions should be directed to the under-
signed on 237-7565.

-7

Dean L. Quigley

I1
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RETURN TO: D. L. QUIGLEY
Ext. 237-7565
M/S 92-23

QUEST IONNAI RE
Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Program Management

Instruction: Place check in Rating column which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

1. Degree of preliminary planning ._ L

2. Number of trade studies ......... 
2a. Configuration ............ A
2b. Cost . . . . . . . . . . . . . . . .,L
2c. Customer ........ .............. L
2d. Competition ....... ............. ._ L II
2e. Subcontractor .......... .. , li _

3. No. of controls .... ............. .B,4 ItI II_

4. Size of team .... ............... I If

5. Freedom for long-range planning .. . _ l_L I IRI 1
6. Customer coordination. ........... 1lI1 I_
7. Vendor/Assoc./Sub. involvement ....... _ ,.WI l
8. Industry involvement .............. _Uii1 _

9. Directives (Command Media) ._

10. Use of current state of technology . . . _ hill

11. Upper management review ............. lIji Ibi.

12. Time required for decision making process. 1Ii #l_

13. Written correspondence ..... . .. . . INll jIi i_ _

14. Phone conversations ... ........... IN I0 If
15. 4o. of file cabinets for records . .ua9 Il
16. Establishment of Program Goals ....... 1II . _ IL
17. Establishment of Design-to-Cost Goals i. uIi II _gIII I
18. arketinn involvement...............

4 19. Facilities requirements . .......... Iil l _I N I_
20.

21.

22.

23. OTHER:

1. Please submit names of other individuals to whom questionnaire should be
sent:

2. Is there a better way to acquire this informatinn:

127



RETURN TO: D. L. QUIGLEY
Ext. 237-7565
M/S 92-23

QUESTIONNAIRE

Subject: Comparison of Military to Comercial Practices in new airplane procurement.

Phase: Contracts

Instruction: Place check in Rating coluim which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

1. No. of "boiler plate" pages ....... 

2. Pages per contract ...........

3. Complexity of "boiler plate" contents _

4. Amount of documentation ...... ....... ..

5. Pre-negotiation inquiries ..........

6. Post-award inquiries .. ....... ....

7. Post-delivery inquiries ... ......... 

8. Number of negotiations .. ......... _ - _

9. Number of personnel involved
9a. Customer .............
9b. Boeing ._............

10. Complexity of contract ....... ..........

l1, Number of contract changes............ _ -

12. Time to negotiate contract (productive _ _ 1 _
time)

13. Calendar time from start to finish. ....-

14. Taxes - Local/Federal ... ..........

15. Facilities Requirements ......... I

16.

17.
18.

9.

OTHER:
1. Please submit names of other individuals to whom questionnaire should

be sent:

2. Is there a better way to acquire this information?:

128
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U TO- D. L. QUIGLEY

Ext. 237-7565

M/S 92-23
QUESTIONNAIRE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Finance

Instruction- Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

I. No. of specifications .............. _ I

2. No. of pages per spec ..............

3. Amount of documentation ......... . 1 
4. Detailed amount of documentation .-....

5. No. of cost evaluations ............. i_ _

6. No. of trade studies ............. 
7. Amount of customer coordination .. .. ...........
8. Number of personnel involved .. . I I 

9. Percent learning curve ...... .......... II j _

10. Initial unit price ............ .. . .. _.

11. Average unit price ....... ............ IL
12. Fee Negotiated ........ .............. Ii
13. Overhead charges ............. Li

14. Post-delivery customer queries ...... .Ij L _

15. Facilities Requirements ...... .......... h
16.

17.

18.

19.

OTHER:

I. Please submit names of other individuals to whom questionnaire should
be sent:

2, Is there a better waV to acquire this information?-

.29



RETUR TO: D. L. QUJIGLEY
Ext. 237-7565

M/S 92-23

QUESTIONNAIRE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Engineering - Preliminary Design

Instruction. Place check in Rating column which most closely matches experience.

RPTING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MOR[ SAME LESS

No. of configurations ........... ill_ 1 _$U '
2. No. of narametric studies ..... . . NOiI tL

3. No. of evaluations ...........

4. Time to make evaluations ...... .
4a. By Customer ........... . L
4b. By Boeing ....... ............. . L "lL l I

5. No. of people at evaluation meetingjs. I' _
5a. Customer ........ ..... ... . .
5b. Boeing ..... ............. I_ ,N1lt. L-

6. No. of specs. to be complied with . . - ?44lIh - -

-. Amount of detail in specs. _ i_

8. No. of final specifications ...... /llI ?U1 l-

9. Amount of detail in final specs -. / - Nil _ _

10. No. of documents generated ......

11.. No. of document pages qenerated ... 4gI~li kiL I

12. Use of wind tunnel . .. .. .L . .I. . ._

13. Use of computer .... . . .. .. . . .

14. 'o. of personnel assigned . ...... *Oi _W

15. No. of mtetnqs . . . . . .. I_

l1. N, (f i,"ple (t meetinus . il4Ik

17. N,. of tv i ps to ,otent1aI c. ust (1. , . .1- IA I-

18. N n. of neople on each trip. . . ill N I I_

19 14o of visits ty pote,-tial customer . tI41 _

20. No. of .eoi,le or. visits .......... lIh\ 4I

21; 1 atis, t Ime to perfomT P.n ...... iP l- - ld

22. Ar,,, t Elf (dol dIs s-ent on " - I lNl i
St?, Boeinq Expense ................. I .-
?;'b. r1usfonm*er Expense .W.A. I l\ iii
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Phase: Engineering - Preliminary Design (continued)

RATING (MILITARY TO COWMERCIAL)

MUCH
ITEM MORE MORE SAM LESS

23. Completeness of design by P.D ._........

24. Amount of Staff/Project coordination ..... flifWIA Ij

25. Facilities Requirements .-..........

26.

27.

28.

29.

OTHER:
1. Please submit names of other individuals to whom questionnaire shouldbe sent:

2. Is there a better way to acquire this information?:

cI

131
Page 2 of 2



UETUI TO: 0. L. OQUI4.EY
Ext. 237-766
HiS 92-23

9U1STIOPWIL

Subject: Comparison of Military to Commercial Practices in new airplane procuremet,
Phase: .ngineering - Project

Instruction: Place check in Rating column whtich most closely latches experience.

ATING (MILITAYRTO C 5RI1
MUCH

ITEM MORE MORE SAME kU
W- -

1. No. of specifications . . . . . . .* * I
2. No. of pages in specs . . . . . . .
3. No. of documents . . . . . . . . . .
4. No. of pages in documents ... .  ..
5. No. of drawings . . ........... . VIA 1
6. Quality of drawing L If
7. Time to make drawings .......... .
8. Time to check drawings. . . . . . . . . .
9. Time to release drawings. ......... L. . L10. No. of design changes .. .. .. .. . .. 14l IJJ

11. Time to change approval
Ila. Major Changes . .......... h1. 1 N , 1%I IL
llb. Minor Changes ............ .12. L

12. No. of Mockups boll.............. .1w ) wji I.
13. No. of Design Reviews.......... . I I -

No. of Attendees 
- -

13a. Customer ... . .. . . . . . . .t 441y
13b. Boeing .... . ... ... .. -

14. No. of new vendor items .......... IL ki b1k e1.
15. No. of liaison changes .......... t IIRklil I-
16. Time to liaison change approval /wJIP

16s. Major . . . . . . . . . . .16b, "1110 ... ... .... .. ... .u Lj,
17. tnplant Coordination ............. .. . .

18. Customer Coordination .............
19. No. of trade studies .. ........... i)
20. No. of pages in studies ..........
21. uj,e tof computer ... .............. _ -
22. ro, of personnel assigned ......... l ) 4
23. No. of umetn .nqs ............... . .
24, No. of personnel at meetings

24a. Cusromer ..... ........ .... (j6O 1I flikf
24b. Bit,! ng ... .. ........ .... i. f... l'lN

25. No. ot trips to customer........ . ........ .II I-
26. No. of pmrsonnel on each trip .. .. . . .. . n.41tI ML.l
27. tio. of visits by customer . ./... ... IUNI 0
28, No. of personnel on visits. . . . . . .I i -

29, Maintalnability specs . . . . . . . . .
30. Reliability specs . . . . . eM..t
31. Safety ,Iipcs ......... ......... l1 I -
32. Time 'ppit de ilqnin. ... . .... , ... . . .
33. Time ...nt writing.. .............
34, Application of new innovations . .. .. .35. Amfnount of Mtnufacturing liaison .,. ,.
36, Fadllftie,; Rftrlwirements . . . . . . . . .I I
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RETUFM TO: D. L. QUIGLEY
Ext. 237-7565
M"IS 92-23

k,--t: Comoarison of Military to Commercial Practices in new airplaoe procurent

Ptase: Enqineering - Tech.toloqv

Instruction: Place check ir Rating column which most clcsely natches experience-

-P.TIN. (MILITARY TO C-OERCIAL)

ITEM .O.E ME E LESS

I. -jnt wf support pr-.vi-e- ..-.-.... . W-

- :No. of studies ................

3. No. of evaluations ..........

Ti-me to make evaluations .......
4a. By Customer------------------.-. . I
4 b . B y B o e i n g -. . . . . . . .. . . .

b. ,o. of people at evaluation meetings.
"a. Customer ........ ............. .-
5b. Boeing .. ............- - L -

6. No. of specs. to be complied with . . I

7. Awomt of detail in specs- _

8. No. of final specifications ......

9. Amount of detail in final specs . . . . 114

Ir No. of documents generated ...... . _ -

No. of document pages oenerated . -

12 Use of wind tunnel .. . . . . . . . .

13. Use of comruter .. . . . . ... . . ..- _- - --

14. ;c. of personreI assioned . . . . . . .

!5 .. of meetings ... ............. 411

T16. ,. of eoDle at m -e----s ....-... . i
'6a. Custrr . .

146. Boeing . . . . . . . . . . . . . i Wi

17 lio. of trips t- Dotential custo, er. .J-

18. "io. of .eople -o each trip.. Il --

19. No. of visits hy onten-tial custmre- . Jje Ir

--3. No. of oeople on visits--------. _ . .

21. .ount of tine soent on Project Su~t. --i'

22. -nun' of time sent or P.. Su.port.

133
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II

Pase: Enginmering - Techology (continued'

RATING (MILITARY TO CO(RCIAL)

! TEP % MWR SAME LESS
3 Application f .- n ion. - -t- - - - -

24. Application of recent r-search results.. . .

25. Alignment of research iith next
merneration A/C .I .

2'. '-.Arenzss 4-f new innovations by sjmyliers--
27-

23.

OTHER:
1. Please subit nams of o-jer individuals to u9 questiorairae should

be sent:

a ?4



RETURN TO: D. L. QUIGLEY
Ext. Z37-7565

QUESTIONNAIRE M/S 92-23

Subject: Comparison of Military to Commercial Practices In new airplane procurement.
Phase: Test

Instruction: Place check in Rating column which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

1. No. of technical specs applied .... . . . .
2. No. of pages per spec ............ .

3. No. of documents required .......... iI _ i_
4. No. of pages per document .......... 
5. No. of tests required ....... ... . . .

5a. Fuselage .. .............. _ 'i
5b. Subsystems .-..........
5c. Component ............. 1A
5d. First Article ........... .... IL  L_

6. Fligh. Tests ............ IL
Development .............. _

Delivery . .................. l. L
6a. Ground preparation time.. . . . . ... .
6b. Flight time ... ............
6c. Reflight items ...... ........... .LW

7. No. of copies of reports, documents, etc. 1A ilL _
8. Customer reviews .... .............. Ij I

9. Extensiveness of test plan ......... _ I_

10. Changes to test plans ............. Ij II fl -
11. Elapsed time for test plan approval . ill . 1 . -

12. Facilities Requirement .............. iL L.

13.

14.
15.

16.

OTHER:
1. Please submit names of other individuals to whom questionnaire should

be sent:

2. Is there a better way to acquire this information?:
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RETURN TO: D. 1. QUIGLEY
Ext. 237-7565
M/S 92-23

QUESTIONNAI RE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.
Phase: Manufacturing
Instruction: Place check in Rating coluai which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAM4E LESS

1. No. of Customer specifications .f . . .. IL

2. Depth of details of specs . .-

M3. Amount of' standardiZation...... . .. .. . ILI
Is 4. Amount of commonality.... .. . . . . . ......

5. No. of Materials & Process spec .. .. . ..
46. Closeness of tolerances ._ i

J,8. ?roduction -ates .W . li ....

9. !'lexibility of schedule. .. .. .. . ...-
10. Volume of engineering changes .. .. .. ... L 'I_ L

11. Lost time awaiting decision . I ._
12. No. of out-of-sequence mnods .. .. ..... L _IL

1 13a. Nunte- of people ._
13b. Rate of loading... .. .. .. .. . ..

14. No. ot tools. .. .. . ... .. .. ........ i IL
15. No. of first article checks.. . . . . . .......
i6. tic. of tests................ . . ... . - II

A.11. Deptn of tests.................. .. ....... . .All
-a18. Amount of travel............................._lit

19. No. of Meetings. .. . .. . . . .. . .. L
?C). Amount of direct coordination w-Ith

customer.... . .. .. .. .. . . . .. .. L
21 C,;st to ilanufacture same no. of units mgI

?. :,i4lties Reureet .u .LN......

23.

24.

25.-
25.

EMN
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Phase: Manufacturing

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

OTHER:
1. Please submit names of other individuals to whom questionnaire should

be sent:

Ak -3-

2. Is there a better way to acquire this information?:

I
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RETURN TO: D. L. QUIGLEY
Ext. 237-7565
MIS 92-23

QUESTIONNAI RE

Subject: Comparison of Military to Correercial Practices in new airplane procurement.
Phase: Manufacturing
Instruction: Place check in Rating column which most closely matches experience. A

RATING (MILITARY TO COMMERCIAL)J

MUCH
ITEM MORE MORE SM1E LESS

1. No. of Customer specifications .. .. ..

2. Depth of details of specs ........

3. Amount of standardization ........

4. Amount of commnonality . ._

5. No. of Materials & Prccess spec I
6. Closeness of tolerances ._

7. Quality Assurance .I_ ....

8. Production rates ............
9. Flexibility of schedule .I

10. Volume of engineering changes ...... . ..
11. Lost time awaiting decision . I..._

ii12. No. of out-of-sequence mods . I..._

13. Manpower_
13a. Number of people .I_ ....
13b. Rate of loading ..........

14. No. of tools ._ . .....

15. No. of first article checks .I_ ...

16. No. of tests... .. .. .. .. ........

17. Depth of tests . ..... _

18. Amount of travel... .. .. .. .. ......
19. NJo. of Meetings ............. V

20. Amo'mt of direct coordination with _

customer.... .. .. .. .. .. .. ... ..
21 . Cost to manufacture same no. of units I

22. Facilities Requirements.. .. .. .. ..
23._
24.
25.
25.

138A
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RE'11URNt TO: D,, L. QUIGLEY
Ext. 237-7565
M/S 92-23

Q]UESTIONNAI RE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Materi el

Instruction: Place check in Rating column which most closely matches experience.

RATING (MILITARY TO COMMERCIALr

MUCH
ITEM MORE MO RE SAME LESS

. No. of specifications to apply . . . . .. G

2. No. of pages per specifications ILL. fLg
-M3. Negotiation time of purchases . . . . . . i!

M4. Quality of purchases . .. . . . .. . .. "_.
5. Amount of documentation required . . . . . __

6. No. of pages per document . . . . . . . .

7. Responsiveness of sellers . . . . . . . .
i8. Investigation of sellers . .. . . . . . _

-4.1

9. Price of similar item . .. .. .. .. . _

10. Post-deliveryt customr queries . .... . .L L_
)11l. No. of people for equivalent task . . . . i

13. No. of neetings ............. EUR O -. -. .

14. Amount of correspondence generated. .... . I
15. Facilities requirments .ia t .. a P .i n a pr

16.

17.

18.

19.

OTHER:
1. Please submit names of other individuals to whom questionnaire should

be sen:

S2. Is there a better way to acquire this information?:
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RETURN TO: D. L. QUIGLEY
Ext. 237-7565

M/S 92-23

QUESTIONNAIRE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Product Assurance

Instruction: Place check in Rating column which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

1. Maintainability
la. No. of specifications ............ .
lb. Depth of specs ...............il _ . L
ic. No. of documents ...... ........... _
Id. No. of document pages .-........
le. No. of reports .- -
If. No. of report pages ............. _

1g. Guarantee requirements .......... di
2. Reliability

2a. No. of specifications ............ ..... _

2b. Depth of specs ............ . . . _
2c. No. of documents .... ........... .....
2d. No. of document pages ......... LI;
2e. No. of reports .-...........

ii 2f. No. of report pages ..... .......... tll
2g. Guarantee requirements .-.......

3. Safety
3a. No. of specifications ..... ......... _

3b. Depth of specs .............. - IL 
3c. No. of documents ...... ...........- _ _
3d. No. of document pages ........... IL L _

3e. No. of reports ._...........
3f. Guarantee requirements ... ......... IL

4. No. of people ....... ............... IL _ _

5. Drawing review required .... .......... 1Li

6. No. of meetings .... .............. . _ 

7. No. of personnel at meetings ........ I_

8. No. of trips ..... ............... 

9. No. of trade studies ................ _ _

10. Amount ot coordination with the customer. I III _

11. Use of experience data ..... .......... I" i
12. Support predictions .... ............ ..U L -

13. Support guarantees .. ............. I_ I. -

14. Facilities requirements . . . . . . . . . .
15.

16.
17.

18.
140
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RETURN TO. 0. L. QUIGLEY

N/S 92-23 1f
QUESTIONNAIREISubject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Service Support - Maintenance
1.Instruction: Place check in Rating column which most closely matches experience.

J! RATING (MILITARY TO COMMlERCIAL)
MUCH

ITEM MORE MORE SAME LESS

1. No. of inspections.... .. .. . ... . ..

2. Quality of inspections ......... I

3. Ground Support equipment .-

3b. Shop items.... .. .. . .. .........
3c. Overhaul items... .. .. .. .. . ...

4. Facilities..................................I L

5. Frequency of scheduled maintenance Z -I

6. Amount- of scheduled maintenance......

7. Amount of documentation... .. .. . ...

18. Amount of customer coordination . . . .14

9. No. of meetings... .. . . . . . . . . . ..

10. Extensiveness of maintenance studies A

11. Freedom to propose new maintenance
support planes ."41 .....

12. Facilities Requirements. ... . .. .. .......

13. L4-- F A/J.I

15.

16.

OTHER:
1. Please submit names of other individuals to whom questionnaire should

be sent:

2. Is there a better way to acquire this information:
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R1ETUWIO TO: 0. L. QUIGLEY
Es. 237-7565
W/S 92-23

QUEST1aNMIRE
SubJect: Comparison of Military to Camercial Practices in new airplane procurement.
Phase: Service Support - Manuals
Instruction: Place check in Rating colum which most closely matches experience.

RATING (MI.ITARY TO COIERCIAL)

NUCH
ITEM MORE MORE SAME LESS

1. No. of specifications applied ....... .l

2. No. of pages per spac .............. i

3. No. of documents required ..... ......... ..
4. No. of pages per document .i.... I_ L

5. tJo. of reports required........ . . IL

6. No. of pages per report. .I...... . .

7. No. of copies per request . .-.......
8. Time to write ....... ............... I

9. Tim to print ....... ............... II

10. Use of current methodology.... .. . . . .- o l
A|. Contets........ .. ... .. . ....

Ila. Details .................... 
llb. Clarity .... .............. - L [ -
llc. Changeability ... ........... IL

12. Accuracy .... ................. _ 

13. Time required to make changes ......... _ 

14. Coordination ... ............... ..
-I 14a. Customer ..... .............. k

14b. Inplant ...... . . .. .. . . .

15. No. of meetings.... .. .. .. .. . .........

16. Attendance per meeting
16a. Customer ... ............... I -
16b. Boeing ...............- . ._.

17. Validation requirements .......... 
- 18. Verification requirements . .-.......

19. Cost per manual page ... ........... 

20. Facilities requirements ... ......... IL _ _

21.

22.
23.

24.--OTHER: 1. Please submit names of other individuals to whom questionnaire should be sent:

2. Is there a better way Lo acquire this information?:
142



1VUW10: D. L. QUIGLEY
Et. 237-756
I/S 9243

"QUESTIONNIRE

Subject: Comparison of Military to Commercial Practices In new airplane procurement.
Phase: Service Support - Training
Instruction: Place check in Rating column which most closely matches experience.

RATING (MILITARY TO COMWRCIAL)

MUCH
ITEM MORE "M SAME LESS

1. Training (General)
la. No. of specifications ......... 
lb. Depth of specifications ...... IL
lc. No. of documents generated . . . _ .
Id. No. of pages per ocument ..... . .-
le. No. of reports required . . .. . .

V If. No. of pages per report ._.....
1g. Amount of customer coordination

time. ........... I . . .-
2. Maintenance Training

2a. No. of studerts .................
2b. Caliber of students ._.......
2c. Length of classes ......... _
2d. Noterial taught ........ .. _ L L_
k.-2el m t matel Il... ......... L -

3. Flight Training
3a. PlO. of students . I_...
3b. Caliber of students ._.. _ L
3c. Length of classes ........
3d. Material taught ..........
3e. Customer control of course . . . .

4. Training at Customer Site . I 

5. Amount of retraining ._.........

6. A ount of Upgrade Training . .. . _ _

7. Facilities requirerrents ..... . .

8.

9.

10.

OTFER: 1. Please submit names of other individuals to whom questionnaire shouldbe sent:

2. Is there a better way to acquire this information?:
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APPENDIX D

SECOND QUESTIONNAIRE

1. Letter, 2-5000-M/C- (see below)

2. Attachment I General questions, sent to all

3. Attachment II- Specific questions, sent to

individual discipline

Letter Discipline Addressee

-002 Manufacturing

-003 PM & Engineering

-004 Finance

-005 Test

-006 Materiel

-007 Product Assurance

-008 Maintenance

-009 Training

-010 Manuals
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-19 September 1974
2-5000-M/C

To: See Attached List

Subject: Evaluation of Military and Commercial Airplane Practices

R.e' erence: My memo 2-5000-M/C-001 dated August 19, 1974

The response to reference was encouraging 
and the cooperation evidenced

by this response is truly appreciated. The questionnaire fulfilled its

purpose in basically pinpointing areas of differences 
thus indicating

where concentration of effort should be directed.

A great number of you recommended interviews with key personnel, either

individually or in groups. This will be done. Many of you gave speci-

fic instances of cost-savings or people to see 
to obtain this data.

These leads are being followed.

The attached list of questions 
have been derived from the results 

to

the reference and other sources. You are requested to provide answers

to the questions and return them by Seotember 
30, 1974. Interviews for

further discussion may be requested, based on 
your answers, other inputs

and your recommendations.

For your information, my telephone number has been changed 
to 237-0390

although the mail stop remains at 92-23.

Attachments:
I . General Questions
II. Specific Questions
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ATTACHMENT I

GENERAL

Analysis ef the answers to the questionnaire, which were sent company-
wide ir all phases of airplane acquisition and proauction, show that
basically the difference between conercial and military programs is a
people oroblem in that more people are involved from the military
custo e:r side which naturally leads to a similar number of Boeing
counterparts and to wore correspondence, i.e., studies, reports, meet-
ings, telephone calls, trips, visits, documents, specifications, etc.
The results of questionnaire also indicated little difference in engineer-
ing design, testing and quality of product. This would mean the govern-

ment could save tirE (which is money) by adjusting the degree to which
peopie are involved on a direct interface. With the above in mind,
answers to the following question: are requested.

1. What area of your responsibility is more heavily affected?
(i.e. planning, managing, scheduling, dccountir.g, testing)

2. Are there particular military specifications or standards which

4. can be pinpointed as the causes?

3. What part of these specs and standards need to be changed and why?

4. Have you data or is data available from which the saving to Boeir.g
(and ,onsequently, to the government) can bp determined (in manhours, I
dollars, flight time, elapsed time, or a combination of these), if
the specs were change=?
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I ATTAC".MENT I

GENERAL (continued%

5. if assigned to, supporting, or with first hand knowledge of
derivative proqram, is there anytning specific you are doingo41
on jour program which is better- or worse than that dore or
being done on a similar program, i.e., T43A vs AWACS vs AA84CP
vs KC-1l 5 vs Air Force One vs NASA Shuttle vs Peace Station vs
YC-14?

G. Can you name specific technical requ~irements that need to he
revised, in part or in whole, which would result in reducing
contract costs without reduction in quality? This could include
ieletion, updating, revising or rewriting u~y losnn or tighten-
:tag tolerances, elimination of certain tests (temperature, dura-
tion. inspection), etc.

7. On the other hand, assuming the requirements are valid, are there

better ways to comply7 If so, what specs and how?

47

-- 8. Do you know of examples, trade studies, investigations, histries
presentations or reprts and by whom which may be available to
research for further information.
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-~Is the-re an opt-Sim rate?
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ATTACHMENT II
Page 2

SPECIFIC (general)

4. Do the greater number of military specs, increased tolerances,
more quality assurance, and greater number and greater depth of
tests provide a better product? Why?

5. What is the ratio of administrative manhours to hardware manhours
on military/derivative programs and on commercial programs?

6. Note other specifics.

i14
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2-5000-M/C-003

ATTACHMENT II

SECIFIC

1. One comment was made that missiles and electronic systems should be
considered separate from airplanes. This has been interpreted to

N_ mean that if the missile or electronic system is a subsystem on an
airplane than the program should be handled by airplane people. The
Air Forces does not do this. Whatever element has the most money
involved has the Systems Program Office. For instance, the T-43AI SPO was in ASD (Aeronautical Systems Division) while the AWACS and
Command Post SPOs are in ESD (Electronic Systems Division, both of
AFSC. What impact do you believe this policy has on a program?

I | Can you suggest a more cost effective approach?

2. Another comment suggested the government evaluate each company in
the industry periodically to avoid having to give the same basic

data pertaining to program management, experience, skills, and
other background data in every proposal. Do you agree with this
approach?

Do you believe this change would have any impact on program costs?
If so, where and how much?

If this policy were established and the government set up a central
procurement data bank, what kind of information do you believe
should be included; i.e., what kind of evaluation should be made?

_d Limit your ideas to airplane manufacturers.

3. Review of the 747 program requirements reveals a similar set of

directives or command media for both military and commercial programs.

However, answers to the questionnaire indicate the opposite. What
is your personal experience pertaining to implementation of these
requi rements?
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2-5000-M/C-003
ATTACHMENT II
Page 2

SPECIFIC (continued)

4. A nearly universal complaint on military programs is the long time it
takes to get a decision. Is there a way that this lost time or time-
awaiting decision can be equated to the cost on a program? How can
this be improved and still allow DoD to maintain control?

5. Assuming that military requirements are valid, can you suggest a better
or less expensive way to implement them?

6. With all the controls, regulations, specifications, documentation, does
the military customer, as a general rule, receive a better quality
product from industry? If not what do they gain?

7. How does the lack of freedom in long-range planning impact the cost of
military products? What needs to be done to change this?

8. Comment has been made that on commercial programs engineers spend 100%
of their time engineering while on military programs it is 40% engineer-
ing and 60% on paperwork. Is this true in your experience? Does this
mean that it takes 2', times longer to do the same job? Are all engineers
affected? Lead engineers? Supervisors?

j2

I1
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2-5000-M/C-003
ATTACHMENT I I

Page 3
SPECIFIC (continued)

9. A study on commercial prograns has indicated that over half of all
engineering changes are made because of design errors. Dc9s the
necessity of having to comply with military specifications arid
requirements reduce this problem? What do you think will reduce
errors with cost-effectiveness?

d!

10. What portion of your total Boeing experience is on military programs?
Within the last five years?

A- 11. In your opinion is an adequate balance established between performance
and cost during the initial program planning?

12. What is the process for major program decisions?

- I"

13. Is a specific unit cost target established and worked toward?

14. What is your opinion on establishing a second source for high quantity
production items?f

1 5. What type of project offers the greatest opportunity for individual
motivation and growth?

16. Are standardization and commonality emphasized?
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16 September 1974
2-5000-M/C-004

ATTACHMENT II

SPECIFIC

1. Does the government requiremert for completion of the 633 form and for
audit generate more workload f r the Finance personnel working on a
military program than those working on a commercial program? If so,
how much and h.jw could it h, reduced?

I 2. Nearly all answers to the initial questionnaire indi.ate there is con-
siderable lost time on military programs while waiting for a decision
from the customer, both during the proposal and during production. Are

there data available which would provide what this lost time costs?

N-

3. Are more personnel required for Costs and Schedules support on military
programs? If so, do you have qgestions on how to lower the workload?

4. On current derivative pro'rams some of you indicatPd that we are not
reimbursed for the risk involved for holding positions in the production
schedule, have you reconinendations on how this might be handled?
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16 September 1974 ATTACHMENT II
2-5000-M/C-004 Page 2

SPECIFIC (continued)

5. What effect would the inclusion of a commercial warranty program have
on the price of military contracts. Would a warranty program be
realistic for the military?

6. Is there a difference between military and commercial programs in the

amount of time spent by Finance for cost estimating in support of
subcontract/vendor work? Why?

7. There are signs that the government may be changing or waiving some
financing regulations in case of derivatives. For example, cost of

money has been allowed in the Command Post Logistics contract for
spares. What other ASPRS, etc. are being or could be changed or
waived that would help to resolve some of the money problems imposed

on a contractor?

8. Other Specifics?
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17 September 1974
2-5000-M/C-005 ATTACHMENT II

SPECIFIC

1. Much has been written on the length of military flight test programs
over commercial and subsequent increased cost but if we take out the
maintainability, reliability and personnel subsystem tests (which
the airline customers, in effect, do for us) and the climatic tests,
the flight test program contain about the sa.e number of flight hours.
There is also about the same calendar time between first flight and
first delivery or certification. If this is true, what is the cause
for the increased cost of a military flight program?

2. What changes do you believe the government should make to the present
requirements for maintainability, reliability, PSTE, climatic and
lead-the-fleet testing for them to be more cost-effective?

,1

3. What test requirements do you consider valid for a pure military
program but superfluous for derivative programs and which have been
imposed on current derivatives?

4. The comment has been made that rigidity of military testing increases
the cost. For instance, if a test cannot be completed due to equip-
ment failure, the military cancel the test while Boeing, on a
commercial program, will alter the test program, without shutdown or
landing, to accomplish another requirement. Does this occur often
enough to warrant further investigation?
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17 September 1974 "42-5000-M/C-006 ATTACHMENT II

SPECIFIC

1. The initial questionnaire answers indicate the price of a part for a
military programl is more than a similar part for commercial programs.

fhen buying a part from a vendor or subcontractor, what are the
differences in requirements for corercial and militr arts that
cause the price differential?

2. How much difference, percentage wise, is the price?

3. What is your estinate on the portion of the p;-ice of a commercial
part that is due to warranty program?

4. When Boeing releases a specification for bid, does competition provide
Ia bid that is realistic or do we require a price breakdown? Have we

made our own estimate of the approximate cost? Who in Boeing decides?

5. With the addition specifications, do military parts have a greater
acceptance rate? How much?

6. What reasons do suppliers give when they decline or resist bidding
on parts for military programs?

7. Are there differences in the amount and form of test and acceptance
data generated by a supplier for a military product? If so, what?

8. Is the effort (number of people) greater for the Boeing Material

departmient for a military or commercial program ,ssuming an equal
end product? If so, why?
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17 Stptembe- 1974 ATTACHMENT I"
2-5000-M/C-006 Page 2

SPECIFIC (continued)

9. There are indications that the government may be changing or waiving
some procurement regulations in the case of derivatives. What ASPRs,
etc. could be changed or waived that would help contractors procure
parts at a lower price without affecting quality?

H 10. The nearly unanimous comment, that there is considerable lost time on
military programs while waiting for a decision from the customer,
would indicate this results in higher prices. What is your experience?
If so, how does this increase the price?

-A-

11. Another comment suggested the government evaluate each company in the
industry periodically to determine those who are qualified from the
management and facility standpoint and thus eliminate a lot of boiler-
plate during proposals. Do you agree? Please connent on this approach.

If this policy were established and the government set up a central
procurement data bank, what kinds of information do you believe should
be included?

A
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18 Septenber 1974
2-5000-M/C-007 ATTACHMENT II

SPECIFIC

1. Product Assurance (PA) is a part of both commercial and military
airplane prograns. What are the differences in PA assignments,
workloads. and completeness of job?
What methods are used to compare the results of the PA efforts?
Can you give examples?

-Am 2. is the necessary data available to support PA activities in each
type program? If not, what kind of information is needed?

3. For a military program, do the additional requirements, and the
manpower to implement these requirements, result in lower support
costs and/or a better airplane for the customer as compared to a
couinercial program with considerably less of this kind of effort
during the design phase?

What is your estimate of the manpower cost difference for this effort
between conwercial and military programs?
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18 September 1974
2-5000-M/C-008 ATTACHMENT II

SPECIFIC

1. For a military program does the additional maintainability/maintenance
requirements, and the manpower to implement them, result in lower
support costs and/or a better airplane for the customer as compared to
a commercial program with considerably less of this kind of effort
during the design phase?

What is your estimate of the manpower cost difference for this effort
between military and commercial programs?

2. Can the commercial basic maintenance philosophy of fewer inspections
and requirements and no-overhaul/fi x-w:ien-failed be realisti cally ex-
tended to the military environment, assuming similar utilization?
Assuming lower utilization with a high readiness posture? Why, in each
case?

3. What differences are there in the support provided to the customers or
to our field service engineers in military and commercial programs?

4. What is the ratio of quantity of spares ordered by commercial and
military customers (base your answer on percentage of airplane price)?

What are the differences in spares provisioning, stockage, usage and
control?

., _

5. Do the maintenance manuals provide adequate and pertinent information in
the usable form to the mechanics of both types of customers?
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18 September 1974 ATTACHMENT II
2-5000-M/C-008 Page 2

SPECIFIC (continued)

6. Would the use of microfilm, publications as is common with commercialcustomers, work in the current military environment? If not, what

changes would be required?

7. Do you have data on the savings to the commercial custcmer when the
manuals were changed from hard copy to microfilm?

8. Would the current commercial practice, that of obtaining engineering
drawings and making or subcontracting peculiar ground support equipment,
result in the same cost-effectiveness and quality for the military as
it did for commercial programs? If not, why?

-!.I

AN
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1) September 1974
2-5000-M/C-009 ATTACa#IENT II

SPECIFIC

1. Assuming derivative prograr.s and the training of experienced
personnel; do the additional requirements, and the manpower to
implement these requirements, result in better trained peopleIJ as compared with similar students en a commercial program?

If the answer is no, is data available for which a cost couparison
could be established? Ts there a difference in cost to in-mlement
an equal level of training? Why?

2. Are there things being accomplishcd on commercial training programs
that would bene it the military either in better training or less
expensive training that could be adapted to the military programs
or derivative programs?

Please list with the advantages.
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19 Seotectr !9T-h
? - ZY- C-CO L:ATTAOWN'U' I

SPC!F

1.i'jd tne use of nicrv-fiit..a-- is c~nwith coaiercial cuStcars,
. in te currentIf envircent? not, What changes would

twe required?

Do ra hav-e on the sarings to the "r- cial custtr ten th

ch'e f!o h1,rd cc-py m~anuals to nicrofils. -aas made?

2_ ? . aa ii itr_ rocra do the additional ref;uirerent:. and the man-
coYer to i--ieent th.n, result in better -anuals for the custosr as
comared to a c-rriai pr-graz with considerably less of this kind
of effort during the planning and- preparatie phases?

Is there a difference in manpoer cost between c rcial and silitay
proQraus? if so wkat are the primary reasons. Can you identify
soecific requirezents causing this difference?

tft rarfly iranunus cowtent. that t isr considerable lost tite or
- -; eliatar; orogranswhile waiting for a decisionfrntector

would indicate this results in hicmer costs. Iat is your experience?
i -ositve. how does this increase the ccst?

IF
:I|

I|

;36



39

APPENDIX E

DESIGN CRITERIA

MILITARY VS CIVIL

1970 STUDY

1 63



4ILITARY VS. CIVIL CRITERIA

Military missions like Tanker, Airborne Command Post, and others have a high degree

of similarity to the airline use, and military procurement of commercially certi-

ficated airframes provides benefits to the military which are unavailable through

other methods of procurement.

* Protection against cost overruns--fixed price.

* Commercial market copetition provides a more efficient airframe proven

in commercial operation. It provides additional incentive to remain cost

and performance competitive by applying engineering judgment and an

"acceptable risk" philosophy based on past experience to eliminate or reduce

design and test -riteria which may be considered to be too conservative

when viewed aga, t actual airraft usaye.

Nonrecurring costs associated with original development and product

improvemenL are shared by a broader base provided unnecessary Mil Spec

compliance is eliminated.

We have taken a brief wholesale look at over 400 Mil Specs for a first in-house

cut at what their impact on the 747 might be.

The impact appears to be anywhere from $10M to $150M+ of nonrecurring, depending

upon the cost effectiveness of the Mil Spec decision process.

Although a wide variety of differences exist between Boeing commercial practice

and military spec practice, they do have common objectives like:

, Safety

* Increased efficiency

# Enhancing utility
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The differences tend to reduLe to worst case conditions versus margin over average

experience like examples in Attachr.2nt I listed below.

a. Electronic Component Environment Comparison

N. b. Fatigue Test Comparison

c. Structural Tests Comparison

d. Design Load Comparison
e. Corrosion Protection Comparison
f. Engine Comparison

All Resolution of Mil Spec problems requires a broad review of 747 design against

military specification of interest by Boeing and USAF. Top level plicy guidelines

R!i are required to insure that this review and the decision-making associated with it

concern themselves with the cost eifectiveness of invoking military specification

requirements on a design which is developed and proven to commercial standards and

backed by over 20,000,000 flight hours of airline operation. The acceptance of

contractor warranties and contractor maintenance should be considered wherever

possible to avoid the added costs of Mil Spec compliance. Attachment II is taken

from the Aero-Med RFP and represents an example which should be considered in future

-- RFPs to further insure the advantages available to the government through iro ure-

ment of commercial airplanes.

H ,
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ATTACHMENT I

MILITARY SPECIFICATION EXAMPLES

(a) ENVIRONMENTAL. QUALIFICATION COMFARISON

Typical of the environmental qualification testing differences is shown by

the temperature/altitude envelope and t[.e vibration envelope used for qualify-

ing electronic equipment attached. The military standard is aimed at qualifying

equipment for multi-use. The Boeing temperature/altitude criteria takes

advantage of the fact that most equipment is located in the pressurized

compartment arid need not be qualified for the entire envelope for USAF Class

i equipment. The Boeing vibration criteria recognizes the difference in

vibration level associated with various areas of the airframe rather than

qualifying all equipment to a standard level described by the military

hrequirement. Similar differences exist in the qualification test areas of
M' humidity, sand and dust, salt atmosphere, corrosion, fungus and electromagnetic

M_; interference.

W (b) FATIGUE TEST REQUIREMENTS COMPARISON-I:

Wi (1) Cyclic Testing

The USAF requires verification of predicted life through full scale

cyclic testing of two complete airframes or sufficient structural compon-

ents to ensure adequate test coverage. Boeing tests only one complete

airframe, and numerous details and minor components. The extent of Boeing

fatigue testing falls short of the letter of USAF requirements. The

allowable deviation would be determined by discussions between Boeing and

USAF.

(2) Fatigue Loading

The USAF requires a higher number of high sink speed landing than does

Boeing.

In general, military aircraft lend at slightly higher sink speeds as
Ti witnessed by daylight/good weather data. However, utilizing Safe-Life

fatigue criteria, the 747 landing gear is designed for more than twice

as many landings as that required by the military for heavy cargo type

aircraft (24,600 landings versus 12,000 landings).

166

J_



T ELECTRONI C EQU IPMENT ILM PERA IU RE
ALTITUDE TEST COMPA RI SON

50-
MILIfAIIY SPFC

CLASS I r-01,111

tINI'liI ;;IW1i

35.-C-

o1 P11 SFURI/I 1)
Z Alit A

S25 F- -_ 4 11 AW

0L 2

PRESSUI31W~I
-~ AREA

2 RINC

10 A-REASW~I

1-80 -60 -40 -20 0 20 40 60 80 100 120 140 160
TEMPERATU'RE (OF)

167
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(3) Fatigue Design Philosophy

Military--Safe-Life concept for all structure.

Minimum scatter factor = 4.0

Boeing--Fail-Safe concept for all structure which has dual load paths

and safe-load concept for all other primary structure. Minimum

scatter factor for the 747 is 2.04 for the Fail-Safe concept and

4.08 for the Safe-Life concept.

The 747 fatigue integrity program parallels fatigue and fail-safe

aspects of the Air Force Structural Integrity Program (Technical Report

ASD-TR-66-57) while not required for civil aircraft certification, a dual

path fail-safe - safe-life approach to structural integrity has been

followed. The objectives, work phases, technical data flow between work

phases and many detailed criteria (where appropriate for civil aircraft)

are identical to those specified in the Air Force Structural Integrity

Program. The transition from this civil airplane program to a military

version would involve minimai detail criteria change and would take

maximum advantage of past aircraft experience (such as 377. B-47, B-52,

707, KC-135, 727 and 737).

Since the design life of the 747 is 60,000 (30000 x 2) hours versus

120,000 (30000 x 4) hours for the USAF heavy cargo type aircraft, the 747

would most probably satisfy the military requirements without any

structural modifications. The Boeing commercial primary structure life

guarantee is ten years or 30,000 hours.

(c) STRUCTURAL TEST REQUIREMENTS COMPARISOiN

(1) Flight Vibration Tests

The USAF requires a complete vibration survey of the airframe. The

extent of the survey carried out by Boeing depends or how similar a new

configuration is to previous airplines, and the extent of any problems

on previous similar configurations.

169



An entirely new configuration (e.g., SST) would probably receive a survey

that would meet USAF requirements.

(2) Ground Static Tests

The USAF requires at least one airframe to be tested to 100% of design

ultimate load for all critical conditions. Failing load tests are to be

conducted for each major component (wing, fuselage, and tail surface).

Boeing satisfies the design ultimate load testing but does not conduct

failure tests of the tail surfaces. The USAF requires that pressurized

cabins be tested to 2.0 times normal operating pressure whereas Boeing

limits pressure testing to approximately 1.5 times maximum operating

pressure.

Boeing has a great deal of confidence in the analytical techniques used

for design, and the manufacturing methods which are utilized, which are

similar to past commercial configurations and proven in airline use.

A substantially new configuration in terms of shape, materials or

production methods would receive closer scrutiny and possibly a more

elaborate test. Multiple failures are required to subject the pressurized

cabin to 1.5 times max operating pressure although the cabin is designed

for 2.0 times normal operating pressure.

(3) Sonic Tests

USAF requirements include sound pressure surveys, component testing in

test cells and a proof/demonstration ground test using the most severe

conditions. The Boeing sonic loads analysis is based on experience with

airplanes -F similar construction and sample representative structural

panels are tested to appropriate (high) noise levels.

j 'Here again, a new configuration, new materials, new construction techni-

ques or a new noise environment would require more elaborate procedures

more like the military requirements.
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(d) DESIGN LOADS REQUIREMENTS COMPARISON (TYPICAL)

Condition Requi rements
Roll Maneuver and Military - 2.0 G

Pull-out Factors Boeing - 1.67 G

Result of difference - redesign of part
of wing

Both the 2.OG and the 1.67 G factors are somewhat arbitrary; however,

the Boeing design factor has proven to be satisfactory in airline use.

The military requirement may have been influenced by another category of

airplane and carried over into transport category for consistency.

Lateral Gust Military vs. Boeing - 15% increase in
magnitude of lateral
gust for fin and aft
body.

Result of difference - redesign of fin
and aft body.

FAA rules allow the use of a gust alleviation factor for both vertical

and lateral gusts, whereas military rules allow the use of an alleviation

factor for vertical gusts only. The Air Force permits the use of a

random gust analysis as an alternative to the discreet analysis.

Limit Flap Speeds Military 1.75 VSTALL flaps up at max takeoff

weight for all flap settings.

Boeing : 1.6 VSTALt flaps up at max takeoff

weight for takeoff flap setting. -

1.8VSTALL flaps in landing configura-

tion at maximum landing weight for

landing flap setting.

Result of the difference - 50% increase in flap

design loads.
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The 747 is equipped with an automatic flap retraction system based I
on air speed which permits the use of the lower design loads. It is

understnod that this requirement is under study by the military.

Condition Requirement

Engine Out Condition Military = resulting load iateral gust
Boeing = resulting load

Result of difference - increase in fin
load and extensive redesign

The combination required by the military is virtually a double failure

condition and would be treated as such by Boeing. The probability

of an engine failure in cruise flight is remote and the chance of

ever incurring a design gust at the most critical combination of 4

speed, altitude, gross weight, fuel and payload conditions is extreely

remote.

A. 2 pt. Braked Roll and Military = drag reaction .8 vert. react.

3 pt. Braked Roll Boeing = less of .8 vert. react. or
max braking capability.

A

Drag reactions in excess of those which can be producted by the brakes

appear impractical since other design conditions (e.g., spin-up and

spring-back) are considered separately as design conditions to assure

adequate strength.

L (3) CORROSION PROTECTION REQUIREMENTS COMPARISON (TYPICAL)

Primer

The general corrosion protection coating required per 'MiL-F-7179 is

zinc chromate primer per MIL-P-8585. The corrosion protective coating used

by Boeing is an epoxy primer per BMS lu-H1. The performance requirements

in BMS 10-11 meet or exceed all those in the Mlil-Spec, but the BMS 10-1l
materials do not conform to the specified ingredients required by the

Mil-Spec. In actual comparative tests, sm- 10-11 materials have proven
to be superior in chemical resistanc-w afld cor.: %ior r'es,.stance. Compli-

f ance with the requirement to use Lli!-Spec (zinc cnrorate) primer on all
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parts would be costly and complicated in the manufacturing operation.

AThe change would require part nurer changes of drawings to change

finish on all parts, separate planning and purchase orders, separate

processing of the parts. BIMS 10-1l is resistant to Skydrol (which is fire

resistant), whereas zinc chromate primer is not. Since the Air Force has

standardized on zinc chromate primer, and therefore stocks this material

in maintenance and overhaul depots, it is an advantage to them to use zinc

chromate primer for maintenance. Zinc chromate will adhere to BMS 10-11

primer, and therefore may be used to touch up or revork parts if the Air

Force so desires.

Anodizing

Alunrnun specifications now require sulfuric acid anodizing per MIL-A-8625

Type II on ll alloys containing over 7.5% alloying components, rather than

chromic acid anodizing (Type I). These alloys primarily involved are the

-M 7000 series. The requirem. . is based on the belief that corrosion resist-

ance requirements are not met by the chromic-anodic coatinos on these alloys.

Current processes used by Boeing for chromic-anodic coatings do meet and, in

fact, far exceed the corrosion resistance requirements of MIL-A-8625A.

The wing skins are chromic acid anodized and, in addition, are paintad for

corrosion protection. We do not believe that complying would produce

satisfactory parts because of the known reduction in fatigue life caused

by sulfuric acid anodizing.

Fastener Installation

MIL-F-7179 requires that all fasteners in exterior locations be installed

with wet primer. The 747 does not require wet primer for fastener

installation except in the case of dissimilar metals. The fastening of

stiffeners and skins is done almost entirely by drivmatic automatic

riveting devices. These are not currently designed or equipped to handle
i.wet primer on fasteners or in holes. To comply with this requirement would

require revisions in manufacturing schedules and procedures and equipment.

We are continually evaluating product improvement changes in this area

which would be attractive to our commercial customers as well as military.
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Faying Surfaces Sealing

MIL-F-7179 requires that all non-bonded exterior faying surfaces have a

sealant applied inbetween the surfaces. This is not a requirement for

the 747. Most faying surfaces in the fuselage exterior are either bonded

or sealed. However, wing and empennage exterior faying surfaces,

including spar cavities, would require changing to comply. We are

continually evaluating product improvement changes in this area which

would be attractive to our commercial customers as well as military.

(f) ENGINE-POTENTIAL COMPLIANCE PROBLEM AREAS

Pratt & Whitney estimates the potential engine problem to be S30M. The

areas where this money would be spent are listed below. More detailed

1= work is required by Pratt & Whitney and the Air Force to determine what

engine changes, if any, would be cost effective for the military.

However, the commercial engine design and test criteria has proven to

be satisfactory by over 20,000,000 flight hours of airline operation.

May require new component test facilities to accommodate additional testing.

Emergency and alternate fuels qualification.

High and low temperature starting and acceleration testing.

More severe anti-icing.

Atmospheric water ingestion.

Corrosion resistance.

More severe sand ingestion.

Infrared characteristics.

High temperature engine ratings requiring -odel qualification testing.

Electrical susceptibility demonstration.

Sr Gearbox endurance demonstrations with military accessories.

Engine valve contaminated air tests.

Electrical explosion proof demonstrations.
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Engine and accessories environmental deMnstrations, including

fungus, humidity, aging and compatibility with high and low 
temperature.

I In-pact and vibration demonstration tests.

Manual changes.

1V
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ATTACHT 2
EXCERPT FR. AECIEDICAL RF

1.1.4 Design Philosophy. The bjective of the Air Force is to acquire a Federal

Aviation Agency certified aircraft %ith only those chances absolutely necessary

to make its use practical for the aeromedical evacuation smission. the aircraft

shall meet civil airworthiness standards of F.P2S, CAR 4b, or equivalent. This

approach has been taken to preclude basic deveopent costs and ion; leadtires as

well as to provide the earliest pGssible Operational Capability Date.

1.1.5 Responding to the 'ork Statecent.

1.1.5.1 The requirements of the work statement are identified with UL 2., C4R Zb,

Military Specification or equivalent standards. It shall be the bidder's responsi-

bility to show how well he meets or exceeds these requirements. Special verifica-

tion test efforts will be examined.

1.1.6 Detail Specification. A Detail Specificatio. for the ;ircraft for use in

event of contract should be prepared in conformance with attached rMIL-STM-832

dated 3 Jne 1963 and should be included as a part of proposal data. The li-ting

of applicable documents should include a listing of CARs, FARs and other standards,

including all amndments, special regulation!, special conditions, optional require-

ents, exe=ptions from compliance, which are the basis of FAA certification. The

listing of applicable documents should also include a listing of cocpany specifica-

tions and standards and those limited military requirerunts which are applicable.
All deviatiors from these requirements shoiid be includec in the Appendix to the

detai; specification. P rformance cited in the specificati shall be titled

"Aircraft Perfornrence,' in lieu of the three neadings titled "Aircraft, t %uarante -r
andAddtinalc nd hal be that perforsanice whic Contrctor will guarantee

in event of contract.

1.2 PFROC REUiT CrAWCEPT. iTe Gvernent plans to contract on a Ytlt-Year conocept

for an aerndical evacuation aircraft on a FY basis with a quantity of four each

specified for F-67, and a quantity of four each specified for FY4-, with options

to procre an additional quantity of IS and 150 aircraft respectively, as set forth

in the odel contract.
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1.2.1 Notwithstanding the requirements for equipment, performance, maintainability,

reliability, etc., that may be expressed in subsequent sections of this RFP, it

is the desire of the U. S. Air Force to take full advantage of the "off-the-shelf"

status of your existing system. While the Technical and Operational Sections of

"I the P'" reflect a desirable configuration of a system that would fulfill the

iements Action Directive for an Aeromedical Evacuation Support System, it is

• ignized that, in some instances, full compliance may be difficult or impossible

without substantial redesign. It is neither intended nor desired that the bidder

enter into substantial redesign effort in order to completely comply with the

requirements of this RFP. In those areas where compliance would cause development

effort, extra cost and/or create more schedule risk, the bidder is encouraged to:

a. Maintain present off-the-shelf" design and describe the degree to
:I which this design does not comply with the requirements set forth

in this RFP and/or

b. Propose an alternate approach to sensibly and economically satisfy t.

I requirements.

17I-I
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747 MAINTAINABILITY PROGRAM (by W. K. McKibben)

The Boeing 747 marked a new phase in the development of a commercial transport

airplane. In addition to designing to meet the customary requirements of safety

and performance, the airlines prescribed an unprecedented emphasis on maintainability

The three primary objectives of the 747 Maintainability Program were to minimize the

length and number of airplane delays, reduce scheduled maintenance requirements, and

reduce maintenance costs. With the authority of Boeing corporate policy, a six-

point program plan was developed to achieve the desired objectives and implemented

with the earliest design activities:

1. Education of d3signers and subcontractors on the principles and objectives

of maintainability. Designers were supplied with a Maintainability

Design Guide document, based primarily on experience. In addition, they

were given educational information on airline maintenance practices and

scheduling. Also provided were summary reports of historical and current

maintainability data by system as well as special studies of components

and systems as required. New hire designers were given soecial classroom

training in maintainability principles.

2. Emphasis on maintenance significanmt items (MSI's). Maintainability

engineers directed the attention of the designers to those components

(MSI's) which had been costing the airlines the most in delays and

maintenance dollars. Approximately 375 MSI's were identified and sub-

jected to detailed maintainability studies. Identification was based

on high initial cost, high maintenance cost, high premature removal rate,

high dispatch delay rate, and high severity index. (Severity index is a

rating for a component or system that accounts for the number, type, and

frequency of interruptions in scheduled flight departures, as well as

the length of delays, chargeable to that component or system.) Detailed

maintainability studies resulted in recommendations which included time

goals for component removal and replacement. From this a design mainte-

nance plan was developed and agreed to by both the maintainability engineer

and the designer.
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3. Surveillance of engineering drawings and vendor proposals. Service-

oriented maintainability engineers, with a broad background in maintenance
practices, were placed within the design project from the beginning of the

747 design. This permitted them to support the project on specific

maintainability problems, review layouts and drawings for good maintain-

ability, conduct trade studies and participate in design reviews. Also,

V the tasks of the maintainability engineer included placing appropriate

maintainability design requirements into specification control documents,

advising Ground Support Equipment and Spares of new requirements and

evaluating suppliers proposals and past maintainability performance.

4. Review of components for optimumjtyp 3f maintenance control. MSI's were

reviewed and information was supplied to the inter-airline working groups

to aid in determining the best type of maintenance control. This will
be discussed ,ater.

5. Verification of 747 maintainability. This was accomplished by actively

participating in mock-up reviews, first article inspections and the flight
test program. In addition, time and task studies were performed as

required.

6. Documentation. The various analyses and studies conducted throughout the

747 design and testing phases have been documented to support the airlines,

to provide a record of maintainability accomplishments and to support

future programs.

At Boeing, the designer has total responsibility for a successful design. Therefore,

during the layout and design phases the maintainability engineer devotes the

majority of his activity to points one, two and three previously mentioned, i.e.,

contributing to the designer's maintainability education emphasizing the maintenance

significant items, and providing design surveillance.

Although airlines have differing maintenance approaches depending on variables such

as route structure, schedules, utilization, and station locations, a working alliance

was formed through the establishment of 747 Boeing/interairline maintainability groups.
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A steering group provided general guidance for nine system-oriented working groups

that included hydraulics, structures, landing gear, flight controls, power plant,

pneumatics, electrical, avionics and furnishings. Membership consisted of repre-

sentatives from foreign arid domestic airlines, Boeing, Pratt and Whitney, and the

FAA. Boeing's representatives, maintainability specialists, were assigned to

supply technical data and consultation and to perform an important lipison function

between the airlines and Boeing.

The ultimate objectiv of the inter-airline maintainability groups was to develop

and submit (to the FAA Maintenance Review Board) a maintenance plan that eliminated

unnecessary maintenance. A brief description of the philosophy used follows:

For systems, which includes everytning except airframe structure, the 375 maintenance

significant items were analyzed for the optimum type of maintenance control. This

was done for each item through the use of Ionic diagrams. These diagrams were a

useful tool that helped determine whether an item should receive some kind of

scheduled periodic maintenance check or inspection based on either operating safety

of the airplane or airline economics. Of the 375 items analyzed, only two were

recommended for hard time overhaul and the remainder were recomended for either

on-condition or condition monitoring. Condition monitoring is a statistical tyne

control similar to the reliability control permitted by FAA Advisory Circular

120-17.

A new approach was also used for structure. Boeing identified the most stress-

sensitive areas of the airplane and analyzed thpse items (approximately 350) for

their resistance to fatigue, corrosion, stress corrosion, crack propogation as

well as the degree of redundancy and fatigue test rating. From this analysis a

rating number was determined which, when modified by the probability of detecting

a problem externally, was used as a basis for inspection recommendations. It was
recommended that internal structural items be inspected on a sampling basis with

the sampling percentage based on the rating nuwber determined by analysis. One

hundred percent perio.lic external inspections were recommended with the frequency

also based on the rating number.
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One i-oortant factor that justifies low percentage sampling is the creation of a

cent.-al data bank by Boeing. This data bank will summarize inspection findings

submitted by the operators, thus using total fleet experience as a broad base for

determining any need for modifying inspectinn intervals or the need for special

inspections.

Through the efforts of Boeing and the maintainability steering and working groups,

the resultant FAA-approved maintenance program, which sets a pattern that undoubtedl)

will he followed for many years, allows the airlines to benefit from the full

capabilities of the 747.

In addition to the foregoing, many innovative maintainability and reliability

features were incorporated which contribute to through-flight, turnaround and

overnight service. No attempt will be made in this brief story to describe the

designs which: improved ease of access, expanded the use of built-in test equipment

or enhanced dispatch capability.

Certainly, the results of an advanced maintenance program plus the improvements

made possible by the largest maintainability and reliability effort in Boeing's

commercial aviation history have contributed significantly to lower mnintena,,Lu

costs and enhance the profit making potential of the 747.

I18
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GENERAL

Analyses of the answers to the questionndires, which were sent company-wide in all
phases of airplane acquisition and production, show that basically the differencc
between cornercial and military prcgrams is a people problem in that more people
are involved from the military customer side which naturally leads to a similar
num]ber of Boeing counterparts and to more correspondence, i.e., studies, reports,
meetings, telephone calls, trips, visits, documents, specifications, etc. The
results of the questionnaire also indicated little difference in engineering
design, testing and quality of product. This would mean the government could
save time (w i is iaoney) by adjusting the degree to which people are involved
o>n a direct interface. With the above in mind, answers to the following questions
are requested.

i. What area of your responsibility is more heavily affected? (i.e., planning,
managing, scheduling, accounting, testing)

Answer - All areas are heavily affected, however, managing would be first
with planning, scheduling, accounting and testing to follow, in that order.
The major areas of detail involved in all of the above aze the documentation
and coordination necessarv to meet Military Contract Requirements of ASPR,
Government Source Inspection (GSI;, Air Force Contract Approvals (ACO) and
Coordination, Contractor Surveillance Reviews of "ateriel Practices, Air
Force Procurement Audits, Production Readiness Reviews (PRR), Support to
Finance on DCAA Audits, etc.

Procurement of hardware, unique to AWACS, Peace Station, T-43A, etc., must
be to full goverrment "ASPR" and other requirements, yet similar hardware is
purchased to zonnercial requirements. The difference in the parts may be
only in the "C" ring seals, as in the case of hydraulic parts.

In a manner similar to comnercial, follow-on programs have "limited Go-ahead"
with restrictions for procurement of long-lead materials. The basic differ-
ence is the flow time or timing involved with military requiring continual
review and authorizati,n of funding extensions and aryrovals covering short
.ime periods, requiring almost constant control of a supplier's srending to a
l-imt of i.ability curve.

2. Are there particular military spcificatins or stancaris which can be
Dinpointed as the causes?

Answer - The basic Government Prime Coz.zract is the start of restrictions,
which are covered in the General Provisions and tner special Terms and
Conditions, which must be "Flowed-Down" to the supplier i., our Request foz
'uotation (R-Q' nd in t.e final Purchase Order Documents, as evidence bv

Forms X23536 and X20388 tor "AWACS" and Form DI-410,-4050 for "Peace Sta-.ior."
Also, the T-43A Program had a third set of notes, peculiar to that contrt.

We find that each Gcvernment Contract has different Terms a.nd Conditions re-
uirina the buyers to work to different sets of rules for similar partz boughtI-irom. the sa.-e supplier.
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2. Answer- (conti:uedi

in addition to the above, we must procure Darts similar to corzmercial itews,
but using military specifications, call-outs, etc., which may require

additional i-ventory stocks and "he r control. These include all catecories
of parts, i.e., electrical, electronics, wire, connectors, circuit reaker-so
flight avionics, hydraulics, fuel systems, etc., which may be classified as
standards, purchased ecuipment and outside production items 7f ,f or 1igh
value.

Some specific items creating high costs are:

(a) BAC D204-10285-1 use of JANTX (hi-ei) parts on AWACS.

(b) Boeing Dccument D-4-14743, Nuclear Environment (AWACS). in addition,
CCP 191 ?roposa will recuire comnplete "EM-" test of designated =nrzue

and Comnercial Comr..on parts, which could cause redesirn o: many comyc-
A ents under a Class I change desic-naion.

(c) Numerc.s Military and FederalS : ozs called out in o'ur Specifica-
tion Control Docm--ents. (Example - See Boeinq Doculent 20 . -,' Th
.ectrical Power Generation. :vstem, which is similar to most AeACS"

Svstem or E, uitmnt Specificati;ns.)

3. What part ot these specifications and standards need to be -- anced and why?

Answer- This is dif-ficult to answer in a short paragraph, as each specifica-
; ion would need to be evaluated to the Boeing Comparable SreciicaZions ror

similar systems; however, a few examples are as follows:

(a) BAC Documents -204-10285-1, D024.-..98-- and P204-10337-i set ou0t AWACS
-lectrical and Electronics Parts Control Program and the mandatory use

of JA: X (Hi-Re) parts in che Electrical Power Generation System. The
increase in cost at the supplier for six (6) basic parts, over use of
comnzercial Darts used on 737/727"3 7 Airplanes, for the DDT&E Contract
was from $2,600 to $47,00. in addition, the supplier was required co

purchase minimum mi! runs of 1,0-J parts, when only :CA were needed.

The parts are identical to conmu.rcial, which were allowed for use in the
qualificatior. test, but could not be used on .roduction units due to the
military re]iability require,.ents.

(b) Military snecifications tend to be obsolece and are not kept up-to-cate.
causing proble--s in procurino what Enorneerin g really desires. 2-L 's

are not bein: undated to ho" anoroved sources any . nlger.

4. Have you data or is data available fro 4nich the savinq to Bceing .and
consequently, to ti'e fovernme:;t) can e determrned (in manhours, dollars.
flight time, elapsed t-i-, or a co.binai-o:. of t±:ese) , if the szecification-

were changed?

Answer - Areas in Materxel of inaease- . - he basicall: associated
with indirect costs of manpower a: -a:er:--s .ause: .SP re.uat ons a:.-
other special Terms an W-"" .... ie
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4. Answer (continued)

(a- "Truth in Negotiation: (P.L. 87-653) O.P. 6-5500-402 (ASP?. 3-807.3).

(b) Special Tooling - ASPR 13-704.

(c) Special Test Equipment ASIIR 13-101.6.

(d) Use of Gov~ernxent Facilities (ASP?. 13-403 and 13-502.2), O-P. 6-5500-405.

(el Equal Opportunity Employment (Executive Order 11246) - on. contraicts
expected to exceed $1,000,000, specific supplier approval must be
obtained from the Air Force Contracting Officer (ACO) prior to av'ard.

(1) Government Insp~ection Coordination (GSI) -

(g) Use of Government Form DD250 on all Spares direct shipped to Air Force

Depots. (No errors allowed.)

Othe r items include:

(~h) If government would allow a greater degree of comm~ercial practices in
procurenent, savings would result in many areas of overhead costs.

Mi If technicai orders can be changed from the applicable military specifi- 7
cation to ATA specification *100, it is estinated that the total data
cost to AVACS would have been reduced approximately $4.4 million dollars.
(Some could still be saved.)

(j) See 2(a) above for reduction in cost, if commercial electrical/electronics
parts could be used in place of "JANTX." Note, this applies to new
items on AWACS and is not applicable to existing cozzwn equipment used
on the 707 AWACS airplane. So they are not consistent. (many of the
comrcial parts have millions of hours of use in commercial aircraft;
however, the rilitary wil. iot accept comumercial experience to support
military MTBF calculations and de-zign.)

5. If assigned to supporting, or with first-.,and knowledge of a derivative
program, is there anything specific you are . 'oiag on your proqram which isA
better or worse than that done or being done o!. a similar program, i.e.,

-'T-43A vs. AWACS vs. AABZrCP vs. KC-135 vs. Air Forc:e One vs. NMACA Shuttle vs.
Peace Station vs. YC-14?

Answer - any of the M~ateriel Buyers have worked Military Progras from B-17
to now and have seen chnanges, which increased costs to Booeing in the areas of I
overhead expense, so we can, zom-py with contract Terms and Conditions. One
recent example is the new "Cos? Accounting Standards," a-, set forth in
ASP?. 7-104-63, which is not applicable to "AWACS," but is applicable to
"Peace Station" and will appear in any new contracts. This requirement will
cause many changes in the Boeing Accounting System and our Managerwnt
Controls. The clause must be "Flowed-!Xmtn" to al) suppliers and may require
added effort on our part to assure supj 1 ers are in accord and that their
accounting system are ap;proved by the fwtvrnment-



GE:;ERIL (continu. d)

6. Can yvou name specific technical requirements that need to be revif.-ed, in
1part or in whole, which would result in~ reducing contract costs without
reduction in quality? This could include deletion, updating, revision or
re-writinq by, loosening or tightening tolerances, elimination of certain tests
(temnerature , duaioispect ion). etc.

Answer - Reference Paragranih _ 3 above; however, on a new p>rogra:- use of
Vertical scale lacdicators in lieu of round dials would save maney.

7. On the other hand, assuming the requirements are valid, are there better
ways to co=.--y? If so,*wa speci fications and how?

Ans-wer - eference ParagraphIl *3 above; however, others prob~ably do exist,
but would require assistance from Engineering to research.

8. vo you know: of exa--lcs, trade studies, investigations, histories, nresen~a-
tic:.s rep.orts and by whom which may be available to research for further
inform-ation?

.1swer -Beieve trade studies were imade by Engineering on round dial
indicators vs. vertical scale. Thnis data should be available in the AWiACS
Engineering Project Group.

SPECIFIC

1. 7he initial questionnaire answers Indicate the price of a part for a military
program is more than a similar P--rt I-ar commercial rprorams. Tr.e. buying a
part fron- a -vendor or subcontractor, what are the differences in requirements
'or commercial a..d military parts that ceuse the price differential?

Answer -(a) Small quantity buys, with greater Qualification Testing, Quality
Control Inspection (Boeing and Govermnent) and Production Verification
Testino Ptecuirements.

(hMilitary Procurement carries a greater risk of cancellat-on.

(c) Small quantity buys, spread o-ver longer delivery pericds, causing
problems of shop load, causing high cash flow at start, with slow return
of investment.

(d) Spnares potential very low and at, very reduced pricinga whe c ared to
cozuercial progr~.

(e) increase cost of administration; i.e., Government Audits, reports,
insoection. etc.

(f) Ii-Fr'I Parts corttrol Procra= (see General cc~ents, Item 32).

()Supiplier Internal Costs:

1. Delavs cazsed in waiting for cGovernment Source Inspection (GSI)

to arrive and clear shipments.
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1. Answer (continued)

2. Air Force Reviews of capabilities:

i Productioi Readiness Reviews (PRR).
ii Progress Reviews - SPDR, SCDR and Monthly Status Reviews

of Progress vs. Milestones.
iii Air Force visits to suppliers, with little, if any, advance

notice to buyer.
iiii Special Air Force surveillance of supplier's progress, e.g.,

Air Force Contract with Dynamics Research Corporation to
monitor and report progress at Sundstrand and Westinghouse
on the Integrated Drive Generator (IDG) Program.

3. Paperwork required in preparation of cost data. Form DD633 Cost
Breakdown, etc., in accordance with "Truth in Negotiations" (Public
Law 87-653). This assists Boeing and Government to negotiate lower
prices by identification and exclusion of ASPR XW. Unallowable costs,
with are usual costs attributed to doing business and are allowable
in co=nercial work.

(h) Special finish standards, sealants, corrosion protections, instrument
lighting (different than co mrcial) and other requirements peculiar to
military.

2. How much difference, percentage-wise, in the price?

Answer - It is difficult to establish the difference, as many items are
peculiar to the program. However, a screen of buying personnel indicates
it could run:

(a) 5 tc 10%. due to small quantities.

(b) 50 to 100% when "Hi-Rel" parts control is required.

(c) 15% up due to special testing and verification requirements.

3. What is your estimate on the portion of the price of a commercial Dart that
is due to warranty program?

An-swer = Most suppliers add 2 - 5% for co~mercial warranty; however, this is
spread over a greater production quantity, with sellers knowledge that he
will sell spares at a figure haher than the production unit price sold to
Boeing, which is considered as a anufacturer's discount. (Co~wn practice
in cocmeicial field, but not allowable in military.)

4. When Boeing releases a specification for bid, does cozpetition provide a bid
that is realistic or do we require a price breakdown? Have we made cur own
estimate of the approximate cost? Who in Boeing decides?

Answer - Corporate policy and the Materiel ELuyers Guide recTuire the use of
competition on all purchases wherever possible. -ilitary contracts, ASPR
and other contract requirements, also require competition, as cc-etition will
usually provide the lowest price paid for any given article. in all! cases of
competition, we require cost breakdown of the supplier's proposal and the
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4. Answer (continue-d)

buryer, with the assistance of Finance, u.ill review the acceptable technical
IF proposals on a cost or price analysis basis and may select other than the low
ki bidder, due to technical reascns. This would require possible field fact-

fCinding trips to the suppliers, to review the adequacy of their -roposals by
Ir ~our Boeing auditors, with assistance from the loca.*AACO" to con-duct ODC%_q

reviews in areas where sellers will not reveal cost data to other than govern-
ment agents (r.L. 87-653)_

M!ateriel pesnewith Finance assistance, prepare estimates based on a-,dited4
data, review it with =anace-ent Sn -ecific Procurement Poard Peviews, and then
conduct negotiations with the stuplier. (Thi;s is ccon practice on co=rc;a-%
and =ilitary prc-ureets.)

5. With the addition-- specifications, do military parts have a greater acceptance
rate 7 Pow =-ch?

Answer - There is -no way to cor-pare with co--mercial; however, buyers feel
the added specification requirerrents in military result in a highner rejection-

= rate at suppliers and at Boeing during first part of a new progran.

6. what reasons do suppliers cgivre when they decline or resist bidding on parts
for military programs?V

Answer -(a) -T*- not wish to "tie Wp engineering talent or. such a small
volume of business. They wish to use such personnel inaesoLrae
return, namely comercial high production programs with direct customer sale of
spares. resulting in greater profit pctential.

Wb Dz: not manufacture similar parts and, due to small quatity, do n*t waznt
to "tie Euu equIP-nLnt

(c) Unable to compete with supplier now producinq a similar 1part. (small
quantity releases again.)

(d) Excessive pap-ervork covered by -ernment Procurmnts. i-e., added
testing, reporting recruirerents. colverntent audits in all areas, deletion
of costs per ASPR n7, etc.

(e) Too much time taken for goverrnent. to make decizzons with the knzowledoqe
they may terminate froi Pressures of outside sources.

Mf MIary proposals never "ead to orders (exercise on =C's. etc.).

(q) Too mza-. schedule slides -::e to uncertain. !udirnc by Congress.

(h) Too many rules, regulations, procedures. Terms and Conditions. etc.,

which theyr must "flow-down" *o th;-eir lower tier szknol-iers.
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SPECIFIC (cntinued)

7. Are there differences in the a-ount and form of test and acceptance data
generated by a supplier for a military product? if so, t&at?

Anw-r Little difference in machLne parts; however, in the case of
purchase eq-ira-nt items, na ! electrical/electronics, fuels and hydraulics,
We have =uch tichter acceptance require-ents per military specifications, etc.
(Reference IDG System D204-13005 and its Statement of Wort, D-04-10668-±.
-hi sets out test recuireenrc and data recuirenents durig developmnt

and continuing throuh the complete producti- progra=.) (Data retuireztnts
presently keep two buyers workLg full zime in Materiel c= the AMACS Program.)

8. Is the effort (nimer of people) greater for the Boeing Materiel Department
for a military or cor=ercial .roqram assi.ng an equal end product? If so-

answer - .teriel requires a greater n--u-t-er of personne to handle the
ilita- prograt, a-ely -AWACS" and Peace Stati-," due to increased

reouiremants for purchase order -,ntation, procuremnt audits by" govern-
ment personnel on a scheduled quarterly basis and o.ther audits conducted by
(or requested by) the Air Force Contracting Officer (ACO) , S-all Business
M-mnistration, etc. None of these applies to co=mercial prograns (i.e., an-y1
order or cu=-lative orders to one supplier, at one time, which exceeds $100,0
must be processed me- Public Law 87-653. O.P- 6-5500-402, Special Tooling
Aczcountaba. ty, Facilities Rental Requirements. P-rocessing _oVaities, Data
Rocquirements, etc.

it is w !l to note the Request for Qtxt-ation (RFQ) and Purchase Order Ter
and Conditions within different government contracts varzy. e.., "XACS"
and "Peace Station' with enough basic differences to require special pro-ess-
ing for each. his is not so with co='erc-a .

9. There are indications that the Sovernimnt =ay be chanc ng or waiving som
procureent.- regulation in the case of derivatives. chat AS PRs, et could
be changed or waived that would help contractors procure =arts at a iower
price without affecting quality?

An Ie -da :.t kno of any areas where qctcaen- m:ras es Wish to Vaive
reculations: however, on ACSPeac e Station. and the ?-4Th Program. they did
grant specific waivers as to Utai 2n motdtFr U_3s e ublic
Law 67-653 on carcial caonon :.tens, within specific ground vales. This
also aelated to fabrication of nt.- ls an.Vo: moification of existing
tooi n; however, in no W ay ha-etey released ;s fron neeting the progra=
Contract Terms and Conditions. A waivers m-z-t be neqotiated on specific
instances relating to each Pnimt- Contract.

TZhe AwACS DZITLS Program Materiel inturos -~5-&l s a good exazple
of' w:%at is reiared on. each Prime rf1t1c his &iuntis aotone inch
thzrc and suppleme-nts the Bceing Bur~-s cide. - perating Procedures, etc._

- as they relate to AVACS.
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SPECIFIC (continued)

10. The nearly unanimous comment, that there is considerable lost time on military
programs while waiting for a decision from the customer, would indicate this
results in higher prices. What is your experience? If so, how does this
increase the price?

Answer - Generally there is a lot of work that must be done during design,
development etc., on a new item ahead of contract award to protect schedule.
Suppliers have become cautions of entering a program that does not have full
"go-ahead." They prefer to spend their development dollars on a firm require-
ment with good volume potential. There are many areas where lost time has
caused Boeing to install parts out of sequence because the Air Force tookIexcessive time in approving ECP and/or VECP changes. One major example was
VECP 054, which changed from "VSCF" to "IDG," which was submitted to the
"SPO" in September 1972, and was not approved until July 1973, requiring
Boeing and suppliers to proceed in February 1973 on Boeing and supplier
capital (approximately $600,000) to protect the first airplane "roll-out"
schedule. This required out-of-sequence scheduling of all electronic components,
generators and constant speed drives at Boeing and Rohr.

There are other instances in the area of flight avionics where we held up

procurement of basic parts due to an ECP. Due to non-approval, we proceededi with the basic items risking possible termination costs if the ECP was approved.
One major example here, was ECP 195, which involved Boeing and supplier

4 coordination and expense for about eight or nine months and then was dis-
approved by the Air Force.

Due to this condition, we found, in general, the following areas of impact:I (a) Repeated requests to suppliers for quotations.

(b) Request to extend quotations over longer period of time. 7

(c) Delays to final configuration decisions, which eliminates lead time.

I I(d) Causes costs of overtime and use of premium transportation to meet
schedules.

we are also experiencing "stretch out" of the AWACS 12 S/S Production Program,
caused by delays in funding and uncertainties of whether 12 S/S 6r some lesser
quantity will be funded. (Many suppliers have concerns here as well.) The
recent schedule change for the 12 S/S Production will cause some price increases
and/or use of escalation clauses heretofore not required. We also have some
suppliers who have refused to accept a long lead procurement release to cover
materials. They will only accept full production releases. These must be
negotiated in a relatively short period of time, which is almost impossible if
government field audits are required to support our cost and price analysis.
This impacts schedule or forces us to accept the supplier's proposal on a
firm basis to protect schedule.

191________________ _______________
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SPECIFIC (continued)

11. Another coment suggested the government evaluate each company in the industry
periodically to determine those who are qualified from the management and
tacility standpoint and thus eliminate a lot of boilerplate during proposals.
Do you agree? Please comment on this approach.

Answer - Do not agree. This would require a data bank of such large propor-
tions, subject to imput from many areas of which we have no control or knowledg
of the competence. It would only tend to increase problems, not decrease them.
We would still be responsible for contract performance; therefore, we, the
Prime Contractor, must continue to exercise this responsibility for control
and source selection. This is not a difficult problem for Boeing, as we
already know more about supplier capabilities for different products relating
to our end product than anyone else does.

Question - If this policy were established and the government set up a
central procurement data bank, what kinds of information do you believe
should be included?

Answer - Many of us are against more government data banks and further, don't
see how this would help us in our business. Unless commercial programs would
have access to the information, we would basically handle the same as in the
past. However, to be useful, the data bank would have to cover financial, -=

past experience, facilities, both brick and mortar, and machine tools, quality -

performance, schedule performance, cost performance and others, broken down
to commodity type items or material. This type of program on a nation wide
basis would become very immense and very difficult to keep up-to-date.

The following is a summary of procedures, reporting, reviews and actions peculiar to
military contracting, which must be handled by Materiel personnel over and above
the normal commercial practices.

1. Truth and Negotiation Act (P.L. 87-653; O.P. 6-5500-402, Buyers Guide 3.6;
ASPR 3-807.3).

2. Administrative Contracting Officer (ACO) Advance Notification/Prior Review
and Consent of Purchase Orders under Government Prime Contracts. (O.P.
6-5500-500; Buyers Guide 4.6 and 9.2.)

3. Military Spares Procurement (Buyers Guide Section 2.6) and use of Government
Form DD250.

4. DMS priority requalations and extension of program priority (different on
each program) (Reference Buyers Guide 8.2).i 5. Quality Control review of all purchase orders with subsequent review by

Air Force Quality for assignment of "GSI" requirements (Buyers Guide 4.7.2
and 6.12).

6. New sources not listed in Boeing Supplier Code Document must receive the
consent of the cognizant Contracting Officer (ACO) regardless of contract
dollar amount (Buyers Guide Section 3.1, page 5).
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SPECIFIC (continued)

7. Small Business Program (Buyers Guide 3.2 and 3.12).

8. Subcontracting with sources in areas of labor surplus (Buyers Guide 3.3,
page 3).

9. Rent free use of government facilities (O.P. 6-5500-405, Buyers Guide 3.4
and 3.9).'IN

10. Patents and Royalties (Corporate Policy 4J; ASPR 9-110; Buyers Guide 4.9). Zq

11. Equal Employment Opportunity (EEO). (ACO clearance on all orders over
$1,000,000.) Buyers Guide 4.10, ASPR 7-104-22 and 12-808.2 (a) (2), Depart-
ment of the Air Force letter 4/18/74 - Procurement System Approval.

12. Foreign Procurement (Buyers Guide 5.16, page 7).

, 13. Progress Payments (Must meet ASPR and Prime Contract Requirements, Reference
Buyers Guide 5.25).

14. Materiel Tool Control (Buyers Guide 6.2; Memo R5631-5-3414, dated 3/23/73;
i AWACS Buyer Instructions; O.P. R8000-028 and ASPR 13-704). A

15. Value Engineering requirements per prime contract (Buyers Guide 6.3.1 and
Form X20399).

14 16. Security and handling of classified information (both inplant and with1'suppliers). (Reference Boeing Security Manual and Buyers Guide 7.0.)
17. Reporting of strikes/labor disputes (Buyers Guide 7.3).

18. Digest of Military Procurement Regulations ASPR, AFPI, APP, NPD (Reference
Buyers Guide 8.1).

19. Renegotiation Act of 1951 (Reference Buyers Guide 8.5). 4
20. Special Test Equipment (ASPR 13.101.5 and .6 and 7-104024) .

21. Tax exemptions (based on prime contract).

22. AWACS DDT&E Program Materiel Instructions (list special procedures on AWACS).

23. Cost/Schedule Control System Criteria (C/SCSC).

z 24. Limit of Government Obligation (LOGO), per prime contract.

25. "AWACS" Supplier Data Management Plan (D2-125821-1).

26. Special Terms and Conditions applicable to military procurements: j
(a) Boeing Forms X20536 and X20388, applicable only to AWACS.
(b) Boeing Form Dl-4100-4050 applicable to Peace Station and other prime

contracts.
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SPECIFIC (continued)

(c) Buyers Guide, Section 9.3. Additional Terms and Conditions, special
note codes which may or may not apply to each purchase in addition tostandard notes used by commercial buyers.

1. Form AD 4044D-R7.
Notes: A05, A21, A23, A24, B06, B23, B24, C01, C02, C04, C05

C08, C09, D01, E14, E17, G01, J03, J05, Q04, S05, S06,~~S07. ]

2. Special Terms and Conditions per Buyers Guide 9.3.1: A59, A60,
A61, A63, A76, A78, A93, A95, A96, B64, G59, H59, J51, J52, J70,
S60, U61, U62, U65.

27. Buyers must work with, and/or be aware of, specific program directives issued] by BCAC Military Program Management, for each specific prime contract.

(a) "AWACS" and "Peace Station" Program Directives.

1. Tier 2 and Tier 2 "AWACS" Milestones reporting.

V 2. Handling of GFP/GFAE items (Peace Station and T-43).

3. Processing and support of schedule and cost of ECP and VECP
program changes (AWACS).

4. Special coordination i.e., follow-on programs etc. -

(b) Work with and use "AC AWACS Engineering Instructions." I
(c) Support engineering during Air Force "PDR" and "CDR" reviews.

(d) Work with and be aware of "IDWA" Statement of Work D204-10556-1
and changes directed by Program Management.

28. Support and coordinate Air Force reviews. Following reviews conducted in
1974 to date: i
(a) February 26 - March 8, 1974, Air Force Procurement Audit.

(b) June 25 - 26, 1974, AWACS Program Review.

(c) August 9 - 23, 1974, Subcontractor Surveillance by Subcontract Manage-
ment Division of Local AFPRO (conducted every quarter).

(d) Production Readiness Reviews (per AFSC Regulation 84-2).

1. BAC and BCAC support September 16 - 26, 1974.12. Reviews conducted in 1974 at major subcontractors (Rohr, P&W,
Sundstrand, Westinghouse).

I94I
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SPECIFIC (continued)

(e) Support of special Air Force visits to suppliers for General Progress
Reviews (short notice of only a few days).

(f) Support special Air Force Program Review Contracts. (Dynamics Research
Corporation, Boston, Mass. has direct Air Force Contract to study
progress of Integrated Drive Generators.)"

-1
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APPENDIX H

-. FLIGHT TEST PROGRAM COMPARISON

COMMERCIAL 737-100

- vs

MILITARY 737-100

(excerpts from Flight Test Requirements Study,

Comparison of Military and

Civil Flight Test Requirements)
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INTRODUCTION

The success of either a military or a civil transport airplane is due in no
small measure to the Flight Test program. To develop the full potential of the

machine and to uncover any design deficiencies the flight tests must be rigorous
and comprehensive. Since there have been successful military and civil trans-
port airplanes, there must be a great similarity to the basic Flight Test
programs.

This document presents the results of a study conducted to determine if indeed,
a similarity does exist between Flight Test programs required to certify a civil
transport airplane and one required to demonstrate compliance with military
specifications. The study is based upon a comparison of the civil and military
flight test requirements in the following areas: Flying Qualitites, Propulsion,
Structures, Systems, and Flight Manuals. The applicable portions of the
Federal Aviation Regulations, Part 25, "Airworthiness Standards: 

Transport

Category Airplanes" and The Boeing Company precertification Flight Test require-
ments were used as the source for the civil requirements. The military require-
ments were obtained from the following specifications:

MIL-F-8785 Flying Qualities of Piloted Airplanes

_U MIL-T-25920B (USAF) Test Ground and Flight, Aircraft Gas
Turbines Propulsion _ystem Installation

MIL-S-5711 Structural Criteria, Pijoted Airplanes,
Structural Tests, Flight

MIL-A-8B60 Airplane Strength and Rigidity, General
Specification For

MIL-A-8866 Airplane Strength and Rigidity - Reliable
IRequirements, Repeated Loads, and Fatigue

MIL-A-8870 Airplane Strength and Rigidity Vibration,
Flutter, and Divergence

MIL-T-5522C Test Procedure for Aircraft Hydraulic and
Pneumatic Systems, General

-M MIL-F-25381 Flight Testing, Electrical System, Piloted Air-
craft and Guided Missile, General Requirements For

MIL-T-8207A (USAF) Test Procedure for Aircraft Pressurized
6. Compartment

MIL-A-9482 Anti-Icing Equipment for Aircraft, Heated
Surface Type, General Specification For

SHEEI
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MIL-I-8700 (USAF) Installation and Test of Electronic
Equipment in Aircraft, General Specification For

MIL-E-6051 Electrical -Electronic System Compatibility
and Interference Control Requirements for
Aeronautical Weapons Systems, Associated
Subsystems and Aircraft

MIL-M-7700A Manuals: Flight

In order to more accurately identify the Flight lest requirements of both the
FAR Part 25 and the military specifications, the study is based upon a particu-
lar airplane, namely, the Model 737-100. In addition to serving the above

( purpose, the designation of the 737-100 also identifies The Boeing Company

document which contains precertification Flight Test requirements.

-42
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SUM4MARY

The entire testing program of the Model 737-100, including company and certifi-
cation tests, was compared with the testing requirements of various MIL speci-
fications of the Air Force. The areas covered were: Flying Qualities,
Propulsion, Structures, Systems, and Flight Manuals. Only the actual tests

J that have been planned and documented for the Model 737 were used for comparison. _13

-JK The Military and Civil test programs are very similar. In some cases the
;"minimum airworthiness" concept of FAR Part 25 does not require testing that
is called for in the MIL specifications. However, the company engineering,
precertification, and customer guarantee tests almost always fill the gap. ]
In a strict interpretation of the requirements some additional flight testing
would be required to meet all conditions of the MIL specifications. An Iestimate of the additional flight hours required is as follows:

Flying Qualitites (MIL-F-8785)

Paragraph Additional
No. Title Flight Hours

j z

3.3.1 Elevator Fixed Static Stability 10

-I -3.3.2.1 Elevator Free Static Stability 1

fz Uj 3.3.9 Control Forces In Steady Accelerated Flight 5

X 3.3.9 Control Forces in Dives with Trim 1

3.4.2 Spiral Stability 1
0
U.
Uj 3.4.9 Adverse Yaw..

T! 3.4.11.1 Ten Degree Sideslip at 1.1 Vs  1

3.4.16.7 Lateral Control Effectiveness at MD  1

i 3.5.7 Roll-Pitch-Yaw Coupling 2

l3.7.3 Trim Change with Boost Failure 2 N:

jf 3.7.4 Longitudinal Control on Alternate Systems

SHEET
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Flight Manuals (MIL-F-7700A)

Runway Surface Conditions - Three refused takeoffs

Military Electronic Installation

Additional testing would be required, not because of any
descrepancy in the specification, but because Military hard-
ware would be installed rather than the civil equipment. For
the installation described in the electronic system
section a total of 19 flight hours would be required if the
items were tested on an individual basis. In a coordinated
test program with concurrent testing this would be reduced
to approximately 12 hours.

_il
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FAA TEST PHILOSOPHY

The FAA test philosophy differs from the Air Force philosophy primarily in the
way the requirements are written. The FAA does n't write design specifications.

1 They go to great lengths to avoid it. That is the main reason so many of the
requirements have phrases like "operate properly for the intended function."
The interpretation of most of these requirements are found in the "Advisory
Circular" for the FAR Part 25 and in the "Policy" statements for the old CAR 4.b
The CAR 4.b policy is still good for the Part 25 unless it has been changed by
an Advisory Circular.

Because they have relatively less direct control of the design of the airplane,
the FAA looks to the manufacturer to tell them what will be tested and how it will
be demonstrated. The Boeing method, which is unique in the industry, is to write
the "FAA Demonstration Flight Test Specification" document. This document is
studied by the FAA. They then call a series of "Type Board Meetings." In these
meetings the test program and alrplane design is discussed in length. The FAA

IA-1 presents a critique of the Spec Document and proposals for changes and additional
testing. The end result of these meetings is the "Type Inspection Authorization"
(TIA) issued by the FAA. The TIA is the "bible" for the FAA Demonstration. The
Spec Document is incorporated into, 3nd becomes part of, the TIA.

0 The FAA test pilot is directly responsible for conduct of the tests. His

opinion is very highly regarded. If he feels that there is some problem in the
airplane, he can request changes to the testing or additional tests. Normally
his requests are honored. However, if there is a serious difference of opinion,
the Type Board can be convened at any time to change or add to the TIA. The TIA

-i is not really firal until the "Type Certificate" is issued. The TIA testing must
; be complete before the airplane is certified but a few minor exceptions may be
CL allowed. The cleanup of these exceptions are the first order of business for

the follow-on program. When changes are made to the airplane, it must be
M "Recertified" by demonstrating the changed item only. Any change in configuration

must be certified even if it is just a new combination made up of previously
certified items. 'Each airline has a slightly different configuration, usually
in equipment or furnishings.)

To ensure that the airplane is as the manufacturer says it is, prior to the start
of FAA demonstrations, the FAA holds a "Conformity Inspection" of the test
airplane. The FAA inspection checks all parts of the airplane against the
blueprints. If any change is made, the manufacturer must "get conformity" onthe change before it can be demonstrated.

The FAA is concerned more with the proper and safe operation of the airplane
than with reliability, maintainability, or performance except as it effects
safety (e.g., they are very concerned with the maintenance done on an airplane
but not with the amount of effort required to do the maintenance). Therefore,
while they tend to be specific on takeoff and landing performance, they tend not
to be interested in cruise performance, specific fuel consumption, etc. These
items come under a whole new heading called "Customer Guarantees" and are
contained in the detail specification for each customer airplane.

SHEEI
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DESCRIPTION OF BOEING COMRCIAL TEST DOCUMVITATION

The basic unit of paper used for test work is the Engineering Wnrk Authorization
(EWA). The EWA has three functions: one, it authorizes the work to be done;
two, it describes the test; arid three, it is used as a "control" number for
Planning and Cost Accounting. All test work at Boeing is done under an EEWA.
A typical EWA is reproduced in Appendix B.

Many BIA's are written for the tests to be conducted or any one model airplane.
To assist the System Test Group in planning the conduct of these tests an EWA
index document is written. This is called the "Engineering Test Plan." Appendix
A contains a description and some typical pages. Because all the cmany pre-
certification tests EWA's are indexed in it, the docunent is used as a "control"
or reference for test planning.

The certification tests for the FAA are handled a little differently. A
single EWA is written to cover all the certi.ication tests. The Flight Test
Section then .rites the "FAA Demonstration Flight Test Specification." This is
shown in Appendix C. This document outlines the actual test conditions in
sufficient detail to accurate!y defiae the test. It is similar in scope to the
One-Page Test Plans of AFR 375 2_

These two documents, the Engineering Test Plan and the FAA Dermristration Flight
Test Specification,are the two prime reference sources for the tests to be
conducted on the airplane. For a comlete description of tiz Precertification
Tests the individual EWA's would be required.

Engineering Ground Tests

For the ground tests :onducted by the engineering staff, the EWA is the
-complete record of the test. The results, recommendations. and observa-

tions are all referenced to the EWA.

D Engineering Flight Tests (FT's)

The san- basic procedure is used for the MT's conducted by the Flight
Operations Section. However, due to the different nature of the testing
program, the Flignt Operations Section imposes its own system upon the
basic procedure (The EWA still remains the primary piece or paper and
all others are referenced to it.) The test EWA is rewritten into a Plan
of Test which is a detailed description of exactly how the test shall be
conducted on the airplane. At the conclusion of each test the plan. flight
iog, manual notes and any other pertinent information is released to the
"Plans, Logs, and Data" document. Each airplane has its owm document.

When a test item is coopleted and the data analyzed, a Test Ite Analysis
Report is written. These reports a-e released to the "Analysis Report
Document."

Ap.endix B contains a typical EWlA, Plan, and Analysis report.
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FAA Demonstration Tests

The only major difference in procedure for Demonstration, is that the4 reports are signed by the FAA pilot and are released to the FAA by the
Boeing Airworthiness Unit. The reports are the property of the FAA
and became part of the FAA Type Inspection Report.

Flight Test Technical Manual Volume II

Volume II of the Flight Test Technical Manual contains descriptions, back,
ground, instrumentation, data requirements, and data reduction for FAA
demonstration tests. It is an informational rather than a control document.
A typical section from this document is in Appendix D.

Other Documentation

IThe above is a brief description of the test documentation only. There are

many other documents that are used in conjunction with the test documents
to completely document the test program. A complete description of all
these is beyond the scope of this study. It is sufficient to say that
very complete records are kept of all phases of flight test work.
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FLIGHT HOUR COMPARISON
737-100 vs 737-100 Military

737 737 M

Design Proving FAA Cert Cat I Cat II Cat III
and Development Demos

Preliminary Evaluation 30 30

Performance 84 90 90 100
Pilot Static and OAT Sys 5 10 5 10

Stability and Control 70 39 80 50
Stalls 25 15 25 15

Engine and Fuel System 20 26 25 30

Systems
Environmental Control 20 36 20 35
Hydraulic 16 7 15 10
Electric 3 4 5 5
Pass, Cargo, Misc 3 4 5 5
Nay and Comm 7 9 10 10.1 Brakes 12 3 15 5
Autopilot 39 10 50 30
Flight Inst 5 5 5 5

Structures
Flutter 40 40
Vibration and Fatigue 15 15
Structural Demonstration 20

Acoustics 8 1 10 5

Functional and Reliability 150
System Integration and
Maintainability 190
Accelerated Service Testing 780

Non-Test Flying (Misc)
Functional Chk Fit 30 30

Sales and Publicity 50
Ferry 20 20
Pilot Evaluations 20 20

522 409 535 1385

Boeing crew training 900

Customer crew training 800 1885
and route proving __

GRAND TOTAL 2631 3805
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APPENDIX J

j FLIGHT TEST PROGRAM COMPARISON

COMMERCIAL 747

VS

747 MILITARY DERIVATIVE

(excerpts from

Flight Test Requirements Study

Commercial 747 Versus Military

Derivative 747M)
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Air Force Regulation No. 80-36 states the policy and procedure for assuring

that Air Force aircraft meet civil airworthiness standards set by the

Federal Aviation Administration (FAA). Paragraph 4.f of AFR 80-36 states

rthat the Air Force Systems Command is responsible to "Accept and use the

results of FAA evaluations wherever possible, to reduce Air Force develop-

ment and test effort or any other effort which might needlessly duplicate

that already expended by FAA. Accept and use the results of FAA determina-

tion of compliance with civil air regulations."

This document records the results of a study to determine the extent to

h which the 747 commercial airplane qualification flight test program will

_J satisfy the military qualification requirements for the 747M, Advanced

o Airborne Command Post airplane (AABNCP). The use of this information can

J eliminate duplication of effort on the 7471 flight test program, and

thereby comply with AFR 80-36.
t1J

r - The format of the data sheets, pages 10 through 42, is set up to follow

the pertinent paragraph numbering system of the applicable military

0 specification, which is designated at the top of the sheet. Equivalent
U.
Sor similar test requirements of the Federal Aviation Regulation (rAR)

and Boeing engineering are noted in adjacent columns.

In regard to the FAR and Boeing engineering requirements the following

items are emphasized:

J

1. The FAR alone would not satisfy the military specification requirements.

The Federal Aviation Administration (FAA) is more concerned withproper and safe airplane operations, and less with the economic aspects

of maintenance, fuel consumption, etc. However, Boeing and each

customer airline are concerned in all aspects of the airplane,

including economy, safety, reliability, maintainability, performance,

etc. To verify that a commercial airplane meets the design require-

ments and is capable of meeting customer guarantees, engineering ground 4
tests and flight tests are conducted prior to the FAA certification
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flight test program.

These engineering tests ensure that the airplane configuration to be
submitted for FAA certification meets the design requirements and

satisfies the customer guarantees. The engineering test program for I

each type of commercial airplane is documented in detail. -

2. The Boeing documentation for the 747 commercial airplane flight test

I program is in preparation, but not cofpleted as of this date. The

document descriptions on page 7 are based on actual preliminary

documents and similar documents on other commercial airplane programs.

The data sheets do NOT include qualification testing of new or modifiedI

o subsystems peculiar to the AABNCP missions.. It is anticipated that many JOB

I components used in modified subsystems will he identical to components

qualified for the commercial airplanes; therefore, military qualification

S tests of these subsystems can be minimal. New subsystems will be tested

jin accordance with applicable military specifications.
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REFEREN4CE DOCUMENTAT ION

I. MILITARY SPECIFICATIONS

AFR 80-36 Civil Airworthiness Standards for USAF
Transport Aircraft

MIL-F-8785 Flying Qualities of Piloted Airplanes

MIL-T-25920B Test, Ground and Flight, Aircraft Gas
(USAF) Turbine Propulsio - System Installation

MIL-S-5711 Structural Criteria, Piloted Airplanes,
Structural Tests, Flight

MIL-A-8860 Airplane Strength and Rigidity, General
Specification for

.MIL-A-8866 Airplane Strength and Rigidity, Reliability
Requirements, Repeated Loads, and Fatigue=ii z

0
MIL-A-8870 Airplane Strength and Rigidity Vibration,

ix Flutter, and Divergence

Z MIL-T-5522C Test Procedure for Aircraft Hydraulic andPneumatic Systems, General

Uj MIL-F-25381 Flight Testing, Electric System, Piloted Aircraft
and Guided Missile, General Requirements for

0 MIL-T-8207A Test Procedure for Aircraft Pressurized
' (USAF) Compartment

MIL-A-9482 Anti-Icing Equipment for Aircraft, Heated
Surface Type, General Specification for

MIL-I-8700 installation and Test of Electronic Equipment

(USAF) in Aircraft, General Specification for

IIL-E-6051 Electrical-Electronic System Compatibility and
Interference Control Requirements for Aeronautical
Weapons Systems, Associated Subsystems and Aircraft

MIL-M-7700A Manuals: Flight

2. FEDERAL AVIATION ADMINISTRATiON

FAR Part 25 Airworthiness Standards: Transport Category Airplanes

S-08l
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This comparison study of the flight test program being planned for the

commercial 747 and the flight test program defined by military specifica-

tions for cargo type aircraft (as applicable to the 747M ABNCP) indicates

the following:

1. The combined civil requirements (FAR Part 25, Airworthiness Standards,

Boeing engineering precertification tests, and the FAA certification

flight test specification) will generally meet or exceed the I
equivalent military specification requirements.

2. The following tabulation lists the unmodified items common to both

$ airplanes which will require additional testing to fully comply
IIj

z with military specifications.
0

Additional
MIL Spec Para. No. Title Flt. Hours :

MIL-F-8785 3.3.1 Elevator-Fixed Static 10
Stability

~3.3.2 Elevator-Free Static }
Stability

3.3.9 Control Forces - Steady 5
Accelerated Flight

3.3.10 Control Forces in Sudden 2
Pull-UpS

3.3.16.1 Control Forces in Dives 1
with Trim

3.4.2 Spiral Stability l

3.4.9 Adverse Yaw 1 I
3.4.11.1 Ten Degree Sideslip at 1.1 1

Stall Speed _

3.4.16.7 Lateral Control Effectiveness 1
at Design Dive Speed

3.5.7 Roll-Pitch-Yaw Coupling 2
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Additional
MIL Spec Para. No. Title Flt. Hours

_IL-F-8785 3.7.3 !rim Change with 2-I (continued) Boost Failure

3.7.4 Longitudinal Control - 1
Alternate System

MIL-F-25381 Essentially a new electric
system for 7471 I

MIL-I-8700 Essentially a new electronic
system for 747M

MIL-E-6051C Revised electric-electronic I
systems will require complete
EMI tests

MIL-F-7700A Additional taxi tests required Ground

_j to obtain refused takeoff data Tests
z
0

TOTAL 28 Flt. Hours -]

Extensive system modification will require qualification in

accordance with applicable MIL Spec. Flight hours are in- .
t-_ cluded in the Flight Test Program estimate.

-44

:22

ifti
The additional testing indicated above does not include testing of the

new or modified subsystems required for the AABNCP mission. However,

-I; the additional flight test hours noted above will be combined into the I
total flight test program for the 747M.

SHEET I
, 2i0

-- i .... .. .. :-- =4



APPENDIX K

INTEGRATED DATA CONCEPT

(excerpts from Exhibit 437A-72-OOO1A,

I t Bare Base System 437A)

7a

I2111



437A-72-0001A

s ,y s I: Fa, _ ms sc mm q

BARE BASE
TECHNICAL MANUAL

DEVELOPMENT EXHIBIT

aut

x 
- MAIN0

I

°;BARE BASF. EQkjIPtV .;i "T SPO (,*kSD SMB }
i ~AERONAUTICAL SlYSTFEr4es DIVISION 7
. ~AIR FORCE£ SYSTEMS COMM~AND =WRIGHT-PATTER_,.. AIR. FOCE : ,OHIO 4433

_I- - -

[ 2121



3.0 REQUIREMENTS.

3.1 Technical Manual Program Objective. The objective of the Bare
"Jase Technical Manual Program is to provide adequate data at
minimum cost. Methods used to achieve this goal include:

0 a. Use of existing technical data whenever it substantially
lowers cost without seriously reducing overall data useful-
ness or technical accuracy.

b. Adequate, timely, and repetitive review of total data
requirements to ensure data essentiality and to avoid
unnecessary secondary generation of data.

3.1.1 Bare Base Integrated Data Concept. The technical manuals
_ supporting the Bai.e Base systems/equipment are developed using

the Bare Base Integrated Data Concept shown in Figure 3-1. This -

concept provides for a "single-procedure" policy in consonance
wih the requirements of Air Force Regulation 8-2, AFSCM 310-2,
and.TO 00-5-1 as cited on Figure 3-2. MAximum utilization is
made of available source data with a minimum of undesirable I
duplication. Technical manuals are developed as an integral part

M' of the total system requirements for hardware engineering develop-
ment, production and testing. In this manner, adequate, and com-
patible technical manuals are provided that are reliable and cost
effective!

Where commonality exists between the in-house engineering, test
and other manuals, the data is prepared only once in support of
all phases of the Bare Base Program. The initially requircd
developmental and test procedural data applicable to the TO
program are structured to satisfy the latter program.

V Thus, under this integrated data approach, those procedures de-
veloped for use during the design, development, and test programs --k
that are prototypic of, or identical to, production or operational.
program procedures are prepared so that they may be readily< expanded to meet the eventual technical order requirements. When- --

ever feasible the format and style, as well as content, of de-
U14 velopment R&D program data are tailored to the established oper-

ational TO program requirements. Procedsral support data, which
are anticipated to satisfy the operational TO program, are in-
corporated in preliminary technical manuals or AFSCM 310-2 De-
velopmental Program Manuals (DPVs): The technical procedural
data peculiar to design, development, and test programs, with
negligible application in operational TOs, are developed to
provide minimum essential data consistent with adequatesupporti for the activities involved.

-,
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* "Planning for TOs to support a system must begin
during the earliest planning phases." (AFR 8-2)

" Planning for TO development must be concurrent
with the overall program planning effort." (310-2)

"The principal reason for inadvertent data regen-
eration is lack of information to identify data
previously prepared." (310-2)

VL* "Planning for TOs to support a system will begin
early -- Planning will encompass all engineering
and procedural support data. -- The data which
will evolve into TOs will be identified and pre-
pared in a format that will permit economical
transition to TOs. To prevent undesirable dup-
lication of effort, contractors will be encour-
aged to assign data specialists, supported fully
by corporate management, who will provide close
direction, surveillance and control over the
total data development program." (00-5-1)

"Engineering data, procedural data, or any other I
data that may be used for TO development, should
be prepared in a manner that permits timely and
economical transition to TOs." (310-2)

* "Contractors will be encouraged to use TO speci-
fication format as guide whenever feasible for
preparation of engineering procedures." (310-2)

• "Previously de*veloped procedural support data and/
or DPMs should be utilized to the maximum extent
possible in the development of formal TOs." (310-2)

* "Data acquired to support R&D on a new system,
which is cr could be applicable to the TO system,

will be procured in a format that may be readily
expanded for publication in accordance with a
military specification. This simplifies publica-
tion efforts if TOs eventually require prepara-tion in accordance with military specifications
and formats. When TOs are required, in addition
to commercial data and engineering data for
support of R&D programs, these manuals are devel-
oped to be equivalent to preliminary TOs oi DPMs."

Figure 3-2 Basis for Bare Base Integrated Data Concept
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